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EXPLORING  THE  UNIVERSE 


PART  ONE 

EXPLORING  MATTER 


EXPLORING  THE  UNIVERSE 

I 

ASTEONOMY 

The  Swarm  of  Universes 

This  book  is  presented  as  a  set  of  pictures  of  what 
recent  science  has  explored,  and  this  first  chapter 
gives  a  glimpse  of  the  universe  that  astronomy  has 
discovered  since  1920.  But  the  mere  words  and 
figures  that  represent  this  knowledge  would  be  a  bare 
diagram.  We  must  display  knowledge  against  the 
background  of  the  salvation  that  astronomy  has 
brought  to  humanity.  We  must  see  what  astronomy 
has  meant  for  the  intellect  and  for  the  soul  of  man. 
We  must  learn  how  the  science  of  the  stars  has  res¬ 
cued  us  from  the  gloom  and  terror  of  superstition.  In 
the  earliest  times  astronomy  was  like  a  dim  light  in  a 
haunted  cavern  where  men  crouched  amidst  the 
demons  of  their  own  invention.  So  I  have  likened  as¬ 
tronomy  to  a  candle  that  lighted  human  beings  in  the 
Great  Dark  and  finally  showed  the  way  to  sunshine 
and  wholesome  air.  In  this  allegory  there  is  the  truth 
which  holds  of  all  science — that  it  has  freed  us  from 
the  devils  created  by  the  mind.  Through  all  its  his¬ 
tory  our  mind  has  been  a  slave  to  terrifying  fancies 
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about  its  home.  It  always  had  to  grovel  in  its  dread 
of  the  Great  Dark  that  surrounded  it — until  astronomy 
lighted  its  candle.  The  astronomer,  like  every  scien¬ 
tist,  has  been  a  rescuer  from  the  thraldom  of  horrible 
imaginings. 

An  astronomer  thinks  we  are  a  queer  lot  because 
we  thrill  at  the  picture  of  stout  Cortez  discovering  an 
ocean  some  centuries  ago,  while  we  are  languidly  indif¬ 
ferent  to  the  discovery  of  new  universes  in  our  own 
day.  To  an  astronomer  we  must  seem  like  clams: 
very  much  excited  at  the  conquest  of  a  pebble  that  im¬ 
pedes  us,  but  calmly  heedless  of  an  earthquake  that 
has  let  in  sunshine  upon  our  shells. 

Some  time  it  is  going  to  occur  to  a  poet  that  the 
feats  of  Prometheus  and  Pocahontas  are  mere  bits  of 
tinsel  in  the  panorama  of  liberating  the  soul.  The 
poet  will  see  his  theme  as  a  flickering  of  scientific 
curiosity,  very  faint  and  blown  by  all  the  winds  of 
illusion,  in  the  murky  darkness  of  the  mind.  His  first 
glimpse  of  it  will  be  about  six  thousand  years  ago  in 
the  valley  of  the  Euphrates.  To  be  sure,  all  the  early 
>vatchers  of  the  skies  were  ignorant  of  what  they  were 
about,  and  the  knowledge  gained  by  fifty  centuries  of 
the  efforts  of  the  best  intellects  would  not  be  sufficient 
for  a  nursery  rhyme  to-day.  In  their  myths  and 
guesses  there  was  no  more  than  the  spark  that  could 
light  the  candle  of  science. 

The  dramatic  heart  of  the  poet^s  theme  will  be  the 
learning  of  the  regularity  of  the  stars ^  and  planets’ 
motions.  Thus  he  will  be  a  greater  innovator  than 
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any  that  the  muses  have  supplied  since  Homer  set  a 
standard.  In  this  way  of  stating  the  plain  fact  there 
is  no  playful  paradox.  Indeed,  we  shall  never  sense 
the  reality  until  we  conceive  it  as  an  exultant  song 
about  the  first  realization  that  the  heavens  are  not 
capricious,  not  peopled  by  malicious  powers.  For  all 
the  happenings  of  our  lives  on  earth  appear  so  wanton 
that  we  might  not  yet  have  learned  about  invariable 
natural  law  if  the  stars  had  not  given  us  the  clue. 

1,  The  Grand  and  Motionless  Earth 

For  thirty  centuries  before  the  time  of  Christ,  the 
Chaldeans  and  Greeks  had  reasoned  about  the  regular 
cycles  in  the  heavens  and  had  concluded  that  our  earth 
might  be  only  a  globe  in  space,  like  other  globes  that 
swing  there,  invisibly  suspended.  A  Greek  had  guessed 
that  the  stars  might  be  at  infinite  distances.  Mankind 
had  begun  to  peer  beyond  its  confines  and  to  see  the 
light  of  day,  the  light  of  mental  freedom. 

But  astronomy  was  almost  snutfed  out  by  a  mon¬ 
strous  Logic  that  crept  upon  our  senses  like  so  much 
carbon  dioxide  in  a  cellar.  This  Logic  of  theology 
argued  that  all  our  powers  of  eyesight  were  false,  that 
knowledge  of  what  surrounds  us  must  come  from  the 
visions  of  men^s  brains. 

So  the  world  remained  a  flat  square,  under  which 
were  fiery  caverns,  over  which  was  a  crystalline  floor 
of  stupendous  weight  and  solidity.  The  stars  became 
little  lights,  managed  by  angels,  as  if  they  were  so 
many  lamps  in  a  ceiling.  All  spaciousness  vanished. 
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The  outdoors  became  a  vile  heresy.  Men  once  more 
cowered  in  the  terrors  of  the  dark  and  felt  the  satanic 
wings  of  the  monsters  of  evil. 

You  may,  without  much  stretch  of  the  imagination, 
feel  the  darkness  thickening  upon  the  intellect  as  you 
read  in  any  sketch  of  early  astronomy  something  of 
this  sort:  ‘‘The  study  of  the  heavens  became  con¬ 
fined  to  Alexandria  by  400,  A.D.,  and  the  last  glimmer 
of  this  was  extinguished  in  641,  not  to  be  lighted  again 
for  a  hundred  and  fifty  years,  and  then  at  the  place 
of  its  origin.’’ 

During  the  eight  centuries  from  Haroun-al-Raschid 
to  Milton  the  light  of  astronomy  was  of  no  more  use  in 
the  world  than  a  will-o’-the-wisp  in  a  tomb.  Only  a 
handful  of  speculative  men  in  each  generation  knew 
that  such  a  phosphorescent  shimmer  existed,  and  they 
did  no  more  than  to  bend  over  it  suspiciously  and  whis¬ 
per  about  it,  fearful  that  they  would  be  made  outcasts 
if  their  curiosity  was  known. 

Practically  the  whole  learned  world  during  those 
centuries  agreed  that  our  earth  was  the  center  of  the 
universe  and  that  about  it  revolved  ten  spherical  shells 
of  transparent  crystal,  bearing  the  heavenly  bodies. 
If  you  smile  at  this  invention  of  Ptolemy’s,  you  are  not 
prepared  to  understand  the  story  of  liberation  that  I 
am  sketching.  Ptolemy  was  a  more  powerful  observer 
and  reasoner  than  most  modern  astronomers,  as  they 
themselves  would  be  the  first  to  insist.  He  examined 
with  complete  candor  and  acumen  the  question,  ‘‘Do 
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the  stars  revolve  around  usT’  And  there  was  no  pos¬ 
sible  way  to  tell  whether  the  motions  in  the  sky  were 
caused  by  our  movement  or  by  the  movement  of  the 
stars.  A  brilliant  mathematician  has  recently  declared 
that  even  to-day,  when  Einstein  newly  raises  the  ques¬ 
tion,  there  is  no  way  to  tell. 

The  overthrow  of  Ptolemy’s  theory  was  the  most 
extraordinary  feat  ever  perfoiimed  by  the  human  in¬ 
tellect.  It  was  begun  by  Copernicus,  who  in  1496  went 
from  Poland  to  join  the  small  band  of  radicals  in  Italy 
who  were  peering  at  the  queer,  uncanny  glimmer  of  a 
thought  that  perhaps  the  earth  is  not  the  center  of  the 
universe.  His  thirty  years  of  calculation  came  almost 
to  nothing.  Most  instructive  for  all  who  desire  to  think 
straight  is  the  reason  for  this  failure :  he  assumed  that 
the  orbits  of  planets  must  be  circular.  The  circle  is  the 
perfect  curve;  all  other  curves  are  inferior;  and  it  is 
impossible  to  conceive  that  God  should  have  set  His 
creations  traveling  on  blundering  paths.  Men  have 
always  assumed,  and  to-day  as  much  as  ever,  that  their 
reason  will  tell  them  what  God  would  not  do  and  what 
His  ideals  of  architecture  are  for  a  sky  or  a  society. 

Less  than  sixty  years  after  Copernicus  died  Tycho 
Brahe  completed  his  treatise  on  celestial  motions. 
Here  was  an  observer  of  the  highest  ability,  who  made 
instruments  of  far  greater  precision  than  had  ever  been 
used  before,  whose  only  ambition  was  to  find  out  the 
form  of  the  universe.  He  examined  the  reasoning  of 
Copernicus,  recognized  its  advantages,  and  wished  it 
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might  be  true.  He  found  it  false.  Though  he  conceded 
that  the  planets  probably  revolve  around  the  sun,  he 
had  to  conclude  that  they  and  the  sun  revolve  around 
the  earth. 

The  principal  reason  for  his  judgment  was  entirely 
scientific.  It  can  be  illustrated  by  what  happens  on  a 
race  track  if  a  person  who  rides  around  it  observes  a 
telegraph  pole  which  is  a  mile  away  to  the  north,  and  is 
outlined  against  a  long  hill.  The  pole  is  seen  to  move 
along  the  hill;  at  the  east  end  of  the  course  it  is  out¬ 
lined  against  a  small  clump  of  trees,  while  from  the 
west  end  it  is  seen  against  a  house  that  stands  a  quar¬ 
ter  of  a  mile  east  of  the  trees.  As  a  person  rides 
around  the  track  he  sees  the  pole  displaced  against 
the  hill.  ^‘So,’^  Brahe  reasoned  quite  sensibly,  ^4f  I 
am  really  riding  around  a  stationary  sun  once  a  year 
as  Copernicus  thought,  my  position  in  January  must 
be  very  far  from  where  I  was  in  July;  there  must  be 
this  race  track  etfect  of  ‘displacing’  the  nearer  stars 
against  the  background  of  the  more  distant  ones.  I 
will  observe  with  the  most  accurate  instruments ;  I  will 
find  out  whether  there  actually  is  any  displacement, 
any  ‘parallax,’  as  we  astronomers  call  it.  ”  His  closest 
scrutiny  revealed  no  parallax  whatever.  So  here  was 
a  strong  indication  that  the  earth  stands  still. 

2,  The  Revolving  Spech  of  an  Earth 

The  book  that  contained  the  demonstration  was 
seen  through  the  press  by  a  young  assistant,  Kepler, 
who  was  one  of  the  most  original  mathematicians  that 
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ever  lived.  In  1600  he  set  himself  the  task  of  figuring 
out  why  Mars  had  such  an  eccentric  orbit.  With  never- 
flagging  zeal  he  computed  for  nine  years,  and  then 
found,  contrary  to  all  previous  convictions  of  the 
human  intellect,  that  planets  do  not  move  in  circles, 
but  in  ellipses.  Now  he  could  substitute  these  ellipses 
for  circles  and  show  that  the  calculations  of  Copernicus 
corresponded  closely  to  the  facts.  In  1621  Kepler 
issued  a  very  persuasive  defense  of  the  idea  that  the 
earth  moves  around  the  sun. 

But  this  was  as  difficult  a  proof  then  as  Einstein  ^s 
calculations  are  for  us  to-day,  and  there  was  then  no 
Associated  Press  to  give  such  a  novelty  a  boost.  Even 
to  the  eager  Galileo,  who  believed  in  the  Copernican 
idea  and  corresponded  with  Kepler,  the  proof  meant 
little.  It  had  furnished  new  wick  for  the  taper  of 
astronomy,  but  the  kindling  of  it  had  to  be  done  by 
another  kind  of  genius. 

It  might  be  said  that  Kepler’s  proof  had  not 
brought  much  understanding  even  to  himself.  His  way 
of  thinking  was  still  the  groping  of  fancy  in  the  cellar 
of  the  Great  Dark.  So  mystical  were  half  the  oper¬ 
ations  of  this  marvelous  mathematical  mind  that  we 
can  hardly  credit  them.  He  expounded  the  harmonies 
of  the  planets  as  caused  by  the  soul  of  the  sun;  he 
seriously  speculated  about  comets  as  a  kind  of  living 
beings  traveling  with  a  purpose ;  he  was  convinced  that 
the  universe  is  framed  in  accordance  with  laws  of 
esthetics ;  and  as  for  stars,  he  could  not  suppose  that 
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they  were  suns,  but  let  his  thoughts  soar  into  the  sheer¬ 
est  metaphysics. 

It  was  Galileo  who  did  more  than  all  the  mathema¬ 
ticians  to  show  us  where  we  live.  He  worked  by  the 
only  method  that  has  ever  brought  conviction — by 
showing  us  sights.  As  soon  as  he  heard  a  description 
of  the  new  Dutch  glasses  for  looking  at  distant  objects, 
he  fashioned  one  and  looked  at  the  moon  and  the  plan¬ 
ets.  He  showed  others  how  to  look.  With  his  own 
hands  he  manufactured  hundreds  of  telescopes  which 
were  sent  all  over  Europe.  Everywhere  people  could 
see  that  Jupiter  was  sailing  through  space  attended  by 
some  satellites  which  revolved  around  it  without  being 
left  behind.  There  was  a  picture  of  a  miniature  plane¬ 
tary  system  in  operation.  Then  for  thej  first  time  the 
Copernican  theory  became  a  reality  to  those  who  were 
willing  to  trust  their  eyes. 

Still  the  first  computation  which  really  proved  the 
revolution  of  the  earth  was  that  published  by  Newton 
in  1687.  And  during  the  next  century  and  a  half  the 
idea  that  the  earth  moved  seemed  to  have  only  a  slight 
and  speculative  foundation.  The  idea  was  generally 
considered  “degrading.’’  Just  as  Darwin  had  to  rec¬ 
ognize  that  his  theory  was  “revolting  to  our  pride,”  so 
the  astronomers  had  to  concede  that  a  moving  globe 
was  a  mean,  belittling  conception  compared  with  the 
nobility  of  an  earth  that  stood  fast  in  the  center  of  all 
and  was  served  by  the  spacious  firmament  on  high. 
Conviction  spread  with  exceeding  slowness.  Even  by 
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1800  the  Copernican  theory  remained  a  dubious  and 
dangerous  doctrine  of  materialism  to  some  professors 
in  American  colleges. 

Not  till  Bessel  skilfully  used  his  heliometer  in 
1838  was  there  any  certain  proof  of  the  parallax  of 
stars.  Another  decade  elapsed  before  the  first  direct 
measurement  of  the  motion  of  any  star  could  be 
achieved — so  extremely  delicate  and  difficult  was  the 
operation.  Even  by  1900  there  had  been  telescopic 
measurement  of  parallax  for  only  forty  stars.  No 
measurement  of  the  diameter  of  a  star  was  made  till 
1920.  How  refined  an  achievement  this  was  can  be 
appreciated  if  we  realize  that  it  was  equivalent  to  find¬ 
ing  the  diameter  of  a  quarter-dollar  at  a  distance  of 
seventy  miles. 

3.  Uncountable  Suns  and  Galaxies 

The  astronomer  does  not  limit  himself  to  his  tele¬ 
scope  for  measurements.  He  uses  the  spectroscope 
and  interferometer,  instruments  of  unrivaled  subtlety 
and  sureness.  By  looking  at  the  bands  of  light  that 
they  furnish,  an  astronomer  can  read  descriptions  as 
detailed  as  the  reports  of  a  ball  game.  He  learns  the 
temperature  of  any  particular  star,  the  elements  of 
which  it  is  composed,  the  density  of  the  materials,  the 
atomic  conditions  of  gases  which  are  in  states  unknown 
in  our  laboratories,  and  whether  the  direction  of  the 
star ’s  motion  is  away  from  or  toward  us.  By  interpret¬ 
ing  such  knowledge  he  has  learned  recently  that  many 
stars  go  through  the  same  course  of  life,  from  a  thin 
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gaseous  giant  of  moderate  heat  to  a  more  compact  state 
of  maximum  heat,  and  then  to  states  of  decreasing 
heat  and  size.  Within  the  last  three  years  he  has 
learned  to  read  the  distances  of  certain  variable  stars, 
the  Cepheids,  and  thus  has  been  able  to  estimate  the 
distances  of  some  nebulse.  There  are  now  spectro¬ 
scopic  wizards  who  give  out  matter-of-fact  information 
about  the  radius  at  which  the  hydrogen  electron  re¬ 
volved  around  its  proton  when  it  started  toward  us 
from  its  distant  sun  a  thousand  years  ago. 

All  sorts  of  uncanny  knowledge  about  conditions  in 
other  suns  are  now  the  commonplaces  of  observatory 
talk.  There  are  gaseous  nebulse  of  vast  area  that 
whirl  like  pinwheels.  There  are  stars  in  clusters,  re¬ 
volving  about  each  other  in  courses  so  complicated  and 
at  such  high  speeds  that  even  a  mathematician  must 
grow  dizzy  as  he  computes  them.  There  are  stars 
whose  volume  is  a  hundred  million  times  that  of  our 
sun,  composed  of  matter  a  million  times  less  dense  than 
the  matter  of  our  sun.  Also  there  are  stars  composed 
of  matter  two  thousand  times  as  dense  as  gold,  so  that 
a  pint  of  it  would  weigh  nineteen  tons.  Some  stars 
have  an  internal  heat  of  many  million  degrees,  and 
some  move  through  space  fifty  times  as  fast  as  our  sun 
travels  athwart  the  Milky  Way. 

Though  all  the  stars  are  moving,  their  positions  do 
not  appreciably  change.  They  appear  to  be  fixed  in 
constellations  because  their  distances  from  us  are  so 
enormous.  There  is  no  way  of  conceiving  the  distance 
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that  separates  us  from  our  nearest  neighbor  sun.  If 
we  use  as  a  unit  for  expressing  it  the  distance  from 
the  earth  to  our  sun  (ninety-three  million  miles),  we 
shall  find  it  inconveniently  small,  for  this  petty  yard¬ 
stick  must  be  applied  two  hundred  sixty  thousand  times 
to  reach  the  nearest  star. 

Another  way  of  regarding  the  distance  is  to  use  the 
speed  of  light  as  a  measure.  Light  travels  from  the 
sun  to  the  earth  in  eight  minutes  and  twenty  seconds. 
When  it  has  traveled  for  a  year  it  has  covered  nearly 
six  million  times  a  million  miles.  This  distance  that 
light  travels  in  a  year,  a  ^  Oight-year,  ’  ’  is  large  enough 
to  serve  as  a  unit  of  measure  in  astronomy,  though  it  is 
now  being  supplanted  by  a  unit  three  and  three-tenths 
times  as  long,  the  ‘^parsec.’’  The  nearest  star'  is  four 
and  two-tenths  light-years  from  us.  Only  four  stars 
are  within  a  radius  of  ten  light-years  from  us. 

Another  way  of  trying  to  imagine  stellar  spaces  is 
to  diagram  them.  Suppose  that  the  sun  is  a  tennis 
ball  lying  on  a  court  near  New  Orleans.  The  earth 
would  then  be  represented  by  a  grain  of  sand  at  a  dis¬ 
tance  of  twenty-three  feet.  The  nearest  star  will  be 
another  tennis  ball — how  many  yards  away  do  you 
guess f  You  can  not  reach  it  in  an  hour’s  walk.  You 
can  not  drive  to  it  in  a  day.  You  must  journey  north¬ 
ward  through  the  whole  length  of  the  Mississippi  Val¬ 
ley,  eleven  hundred  miles,  to  the  neighborhood  of 
Duluth,  before  you  come  upon  it.  And  even  this  utterly 
unimaginable  distance  is  less  than  the  average  between 
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stars  in  the  universe.  Such  is  the  space  which  the 
astronomers  now  explore — a  vacuum  in  which  three- 
inch  globes  and  specks  of  dust  occur  at  intervals  of 
thousands  of  miles. 

For  our  sun  is  not  far  below  the  average  mass  of 
the  stars.  The  brightest  star,  Sirius,  has  a  mass  only 
two  and  one-half  times  as  great.  Our  sun  is  not  a 
dwarf  compared  with  even  such  a  monster  as  Betel- 
geuse,  which,  though  it  may  have  a  diameter  two  hun¬ 
dred  fifty  times  that  of  the  sun,  has  a  mass  that  is  only 
ten  times  as  great ;  for  it  is  composed  of  an  excessively 
thin  gas. 

Suppose,  for  an  illustration  of  average  conditions 
in  the  universe,  that  we  are  in  the  center  of  a  sphere 
of  space  that  has  a  diameter  of  thirty-three  light-years 
— that  is,  nearly  two  hundred  trillion  miles.  In  this 
region  there  are  probably  not  more  than  thirty  suns. 
If  we  reduced  this  sphere  to  a  ten-foot  globe,  each  sun 
would  be  a  molecule  of  water.  This  is  not  com¬ 
parable  to  a  gross  ‘‘ speck’ ^  of  matter;  it  is  so  small 
that  if  it  passed  through  a  microscopical  pore  in  the 
skin  it  would  be  like  a  man  passing  through  an  aper¬ 
ture  seven  miles  wdde.  In  a  ten-foot  globe  the  suns 
would  be  no  more  than  thirty  molecules.  So  inconceiv¬ 
ably  rarefied  is  the  star-gas  in  our  bourne  of  time  and 
place. 

Astronomers  have  calculated  the  speeds  and  direc¬ 
tions  of  these  molecular  suns  that  float  about  in  a 
vacuum.  If  you  look  toward  the  bright  star  Vega,  you 
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will  see  the  direction  in  which  our  sun  is  drifting.  Its 
rate  is  excessively  slow — ^less  than  twenty  miles  a 
second.  We  shall  be  half  a  billion  years  in  reaching 
the  neighborhood  where  Vega  now  is — and  then  Vega 
won’t  be  there.  All  the  stars  are  swinging  gently  along 
on  courses  that  appear  to  be  straight  lines,  but  that  are 
presumably  arcs  of  magnificent  ellipses  which  can  be 
determined  in  the  future.  Very  few  move  sufficiently 
fast  to  have  distorted  the  chart  of  the  heavens  within 
historic  times.  The  most  rapid  one  has  a  rate  which 
carries  it  in  two  hundred  and  twenty  years  across  a 
space  in  the  sky  that  is  no  wider  than  the  area  occu¬ 
pied  by  the  moon.  The  slow  ones  will  gradually  shift 
positions  as  the  centuries  pass;  in  the  course  of  mil¬ 
lions  of  years  the  present  constellations  will  be  re¬ 
placed  by  other  configurations.  The  ‘‘fixed”  stars  are 
as  wandering  as  so  many  motes  in  a  beam  of  light. 

They  move  in  all  directions.  Collisions  are  possible 
and  doubtless  occur  at  times,  but  must  be  rare.  The 
universe  seems  to  be,  in  the  main,  a  peaceful,  happy- 
go-lucky  concourse.  Yet  the  motions  in  it  appear  to  be 
far  from  random.  Already  there  have  been  determin¬ 
ations  of  decided  “drifts”  of  large  proportions  of  the 
total  population  of  the  billions  of  inhabitants  of  our 
Galaxy  (the  Milky  Way),  and  the  next  important  an¬ 
nouncement  of  novelty  from  the  observatories  is  likely 
to  be  some  generalization  of  the  quo  vadis  of  the 
groups  of  stars. 

The  whole  region  occupied  by  our  Galaxy  is  lens- 
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shaped;  its  size  is  estimated  to  be  greater  than  three 
hundred  thousand  light-years  in  diameter  and  ten 
thousand  light-years  in  thickness.  The  population  of 
this  Galaxy  used  to  be  estimated  as,  at  most,  two  bil¬ 
lion  stars;  but  of  late  years  the  estimate  has  been 
pushed  upward  at  a  rate  that  is  truly  comical.  In  the 
Britannica  volumes  of  1922  it  was  grudgingly  con¬ 
ceded  that  in  our  Galaxy  there  might  possibly  be  as 
many  as  three  or  four  billion  stars ;  in  June,  1925,  Doc¬ 
tor  Abbot  of  the  Smithsonian  Institution  calmly  stated, 
^^The  telescope  proves  that  there  are  thirty  or  forty 
billion  stars  in  the  Milky  Way.  ’  ^  And  two  months  later 
Doctor  Luyten  of  the  Harvard  Observatory  remarked 
in  an  offhand  way  that  the  number  was  ^‘from  ten  bil¬ 
lion  to  a  trillion.  ’  ’ 

Astronomy  was  not  contented  with  estimating  the 
number  of  neighbors  we  have  in  our  Milky  Way.  It 
began  to  compute  the  distances  of  the  most  remote 
ones.  In  1924  Hale,  the  director  of  the  Mount  Wilson 
Observatory,  startled  us  by  speaking  of  the  most  dis¬ 
tant  stars  as  two  hundred  twenty  thousand  light-years 
away;  a  few  months  later  it  was  reported  that  Major 
Hubble,  of  the  same  observatory,  had  proved  the  spiral 
nebula  of  Andromeda  to  be  a  million  light-years  away. 

Astronomers  had  thus  winged  their  way  far  beyond 
our  Galaxy,  beyond  all  the  visions  that  the  philoso¬ 
phers  and  poets  had  ever  seen  in  their  most  ecstatic 
moments.  They  had  gone  beyond  the  star-cluster  that 
we  used  to  admire  as  our  ‘^universe.’’  In  spectro- 


ASTRONOMY 


17 


scopes  they  read  of  a  star-cluster — at  a  distance  of 
twice  the  diameter  of  our  Galaxy — which  was  also 
composed  of  billions  of  stars,  floating  in  space,  as  de¬ 
tached  and  self-important  as  our  proud  Milky  Way. 
They  dubbed  it  ‘‘an  island  universe.’’  Soon  another 
nebulous  speck  was  shown  to  he  another  island  uni¬ 
verse. 

In  that  extraordinary  spring  of  1925  the  island 
universes  were  multiplied  without  stint.  When  I  first 
saw  in  print  the  statement  that  perhaps  there  are  in  the 
entire  universe  thousands  of  galaxies  like  our  Milky 
Way,  I  was  scandalized  by  such  a  reckless  supposition. 
But  it  was  promptly  confirmed  by  Professor  Russell 
of  Princeton,  who  assured  us  we  might  safely  believe  it. 
“This  possibility,”  he  said,  “makes  even  the  case- 
hardened  astronomer  gasp.”  He  was  prepared  for 
the  worst  that  the  Hubbles  and  Shapleys  and  Leavitts 
and  Landmarks  and  Kapteyns  might  do  in  the  coming 
years. 

It  was  well  that  we  were  warned.  In  the  summer 
of  1925,  Doctor  Luyten  stated  in  the  press,  “That  the 
whole  of  sidereal  space  is  strewn  with  thousands  of 
separate  universes  is  now  the  view  accepted  by  most 
astronomers.”  He  was  speaking  cautiously,  for 
already  there  had  been  in  print  an  estimate  of  hun¬ 
dreds  of  thousands  of  “island  universes.”  Our  Milky 
Way  is  now  known  to  be  only  one  of  a  swarm  of  count¬ 
less  similar  universes  that  constitute  the  whole  of  mat¬ 
ter.  The  Harvard  Observatory  has  estimated  that  a 
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slight  hazy  spot  is  shown  by  the  spectroscope  to  be  a 
starry  system  a  billion  light-years  from  ns.  Panne- 
koek  has  announced  that  our  insignificant  local  Galaxy 
is  far  from  the  center  of  the  whole  multitude  of  gal¬ 
axies,  so  far  out  that  light  would  have  to  travel  thence 
two  million  three  hundred  thousand  years  to  reach  us. 

There  is  only  one  consolation  for  our  pride  as  we 
find  our  glorious  Milky  Way  reduced  to  a  mere  little 
cloud  of  matter,  one  among  the  thousands  of  clouds. 
So  far  as  known  at  the  time  I  write,  our  Galaxy  is  the 
largest  in  the  universe.  Of  course  larger  ones  will  have 
been  announced  before  I  read  proofs,  but  I  shall  not 
pay  any  attention  to  them.  I  do  not  want  to  destroy 
entirely  the  pride  my  readers  take  in  the  starry  host 
that  has  inspired  so  many  lofty  thoughts. 

These  immensities  look  like  the  beginning  of  an 
infinity  of  space  and  matter.  Strangely  enough,  the 
mathematicians  say  not.  They  reckon  that  the  total 
amount  of  matter  which  exists  is  limited,  and  that  the 
total  extent  of  the  universe  is  finite.  If  you  care  to 
guess  at  what  this  means,  read  Chapter  XIL  Here  it 
must  suffice  to  state  their  conclusions.  They  do  not 
conceive  that  there  is  a  limit  beyond  which  no  space 
exists,  but  that  the  totality  of  space  is  so  curved^’ 
that  a  ray  of  light,  after  traveling  in  a  direct  line  for  a 
long  enough  time,  would  come  back  to  its  starting 
point.  They  have  even  made  a  preliminary  estimate 
of  the  time  a  ray  of  light  would  require  for  the  round 
trip  in  the  totality  of  curvature — not  less  than  ten  tril- 


ASTRONOMY 


19 


lion  years.  And  such  a  space  is  very  cozy  quarters 
compared  with  infinity.  A  mathematician  feels  posi¬ 
tively  cramped  in  it. 

4.  Astronomy  Enlightening  the  Intellect 

So  there  is  the  daylight  to  which  astronomy  has 
finally  shown  us  the  way.  As  we  look  around  in  it  we 
can  wonder,  like  gentlemen  unafraid,  what  the  full  noon 
of  knowledge  will  reveal  to  the  explorers  of  the  skies. 
It  is  a  glad  prospect,  in  which  we  should  rejoice.  Per¬ 
haps  we  may  properly  feel  some  pride  in  what  the  best 
minds  of  the  race  have  been  able  to  accomplish. 

But  we  should  make  no  mistake  about  the  basis  of 
our  pride.  It  is  more  wholesome  for  us  to  keep  in 
mind  the  Great  Dark  of  pure  reason  where  we  used  to 
cower,  and  to  reflect  that  our  escape  was  due  to  notic¬ 
ing  what  the  eyes  could  see.  Though  a  small  fraction 
of  our  race  has  learned  to  live  in  mental  daylight,  most 
of  us  are  befogged  and  do  not  know  where  to  look  for 
the  source  of  further  light.  We  can  know  if  we  will 
keep  forever  in  view  the  picture  of  Brahe  when  he  tried 
to  find  the  parallax  of  stars.  He  was  a  proud  man  who 
v/ore  fierce  viking  mustaches  and  had  for  his  workshop 
a  castle  given  by  an  emperor.  His  arrogance  never 
suspected  that  he  was  a  subatomic  creature  on  a  grain 
of  sand  ^Ghinking’^  about  some  tennis  balls  that  were 
thousands  of  miles  away.  Yet  he  was  a  humble  and 
teachable  person  compared  with  all  the  infinitesimal 
intellectuals  who  made  it  a  crime  to  question  our  cen¬ 
tral  and  dominating  importance.  Such  is  the  intellect 
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In  comparison  with  the  power  of  observation.  When 
astronomy  has  fully  taught  its  lesson  we  shall  have  a 
new  wisdom  in  the  world. 

It  is  a  terrific  lesson.  There  are  fearsome  corol¬ 
laries  to  it.  Poor  Bishop  Brown,  for  example,  when 
he  learned  of  stellar  spaces  and  that  nothing  can  travel 
faster  than  light  and  that  our  souls  would  have  tp 
speed  through  an  absolute  zero  of  cold  for  millions  of 
years  before  they  could  reach  any  destination  where  a 
heaven  could  be — poor  Bishop  Brown  gave  up  his  faith. 
If  the  millions  of  years  had  not  been  sufficient  to  cause 
such  a  tragic  loss  of  belief,  the  trillions  that  are  now 
reported  would  have  done  the  work.  So  the  bishop 
came  to  regard  his  religion  as  mere  symbolism  that 
applies  only  to  our  earthly  life.  Here  is  an  example 
of  the  destruction  that  science  can  do ;  here  is  the  con¬ 
flict  that  disturbs  the  Church  to-day. 

It  is  also  a  perfect  example  of  how  only  ignorance 
and  folly  can  be  thus  easily  persuaded  to  abandon  re¬ 
ligion.  I  say  ‘Hgnorance’’  because  if  the  bishop  had 
been  just  a  little  patient,  had  bided  just  a  few  months 
and  consulted  a  mathematician,  he  could  have  found 
out  that  his  reason  was  nothing  but  the  mechanism  of 
our  three-dimensional  life.  Even  the  reason  of  a  scien¬ 
tist  could  have  told  him  that  heaven  may  be  just  round 
the  corner  in  a  fifth  dimension  and  that  souls  may  be 
able  to  slip  thither  in  a  moment.  I  say  ‘  Holly  ’  ^  because 
science  can  not  destroy  reality.  It  attempts  nothing  but 
to  report  material  facts  that  are  seen  by  material  eyes. 
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Science  can  never  make  a  report  about  any  spiritual 
reality.  The  only  religion  that  science  can  destroy  is 
some  false  and  materialistic  creed. 

This  one  example  is  the  only  answer  needed  to  the 
most  heartfelt  question  of  our  century:  How  much 
harm  can  science  do  to  religion?  It  is  a  question  that 
has  been  answered  fully  and  well  by  thousands  of 
devout  scientists  and  that  need  not  be  answered  again 
in  this  book.  All  the  misgivings  that  some  religious 
people  feel  about  science  can  be  allayed  by  considering 
the  one  case  of  what  science  did  for  Bishop  Brown. 
Since  he  had  a  materialistic  religion — depending  on  a 
notion  of  a  material  heaven — science  destroyed  it. 
Science  is  rapidly  destroying  all  the  materialistic  re¬ 
ligion  that  persists  among  educated  people.  But  sci¬ 
ence  can  not  lay  a  finger  upon  a  spiritual  religion.  If  a 
religion  is  founded  on  some  revelation  to  the  spirit  of 
man,  it  will  live  serenely  aloof  from  all  that  telescopes 
and  spectroscopes  can  teach. 

The  candle  of  astronomy  has  not  destroyed,  and 
never  can  destroy,  any  truth.  It  has  simply  shown 
that  some  unreal  specters  do  not  exist.  It  has  taught 
us  how  to  live  in  the  daylight  of  natural  law.  In  its 
sunshine  we  have  nothing  to  fear  except  the  disregard 
of  that  law.  So  obscured  is  the  impersonal  regularity 
of  nature  that  we  might  still  be  living  in  the  Great  Dark 
of  imaginary  fears  if  we  had  not  observed  the  stars. 
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The  History  of  Half  a  Billion  Years 

The  romance  of  the  deciphering  of  the  stupendous 
record  in  the  rocks  has  never  been  written.  If  ever 
the  story  is  told  by  an  author  who  has  the  imagination 
to  see  the  greatness  of  the  subject  and  the  skill  to  pic¬ 
ture  the  tragedy  and  comedy  of  it,  he  will  make  the 
adventure  of  Columbus  look  petty.  Whereas  the  first 
voyage  across  the  Atlantic  was  a  spectacular  discovery 
on  the  earth’s  surface,  the  reading  of  rocks  has  been  a 
revelation  of  a  universe  and  an  escape  from  mental 
slavery. 

In  the  first  part  of  this  chapter  I  will  sketch  the 
struggle  which  the  geologists  had  with  the  Hebrew 
story  of  Noah’s  Flood.  Not  that  I  care  to  discuss  the 
‘‘conflict”  of  science  and  religion,  for  that  subje<^t  is 
somewhat  antiquated  and  has  small  interest  for  me. 
I  want  to  illustrate  a  more  entertaining  and  more  pro¬ 
found  fact  about  science — to  wit,  that  the  instinct  of 
the  human  mind  is  always  in  favor  of  legend  and  logic, 
and  that  only  constant  horsewhipping  by  science  for 
two  centuries  has  taught  the  mind  that  legend  and  logic 
will  never  produce  an  atom  of  knowledge.  Our  mind 
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has  a  passion  for  a  logical  narrative ;  it  is  not  excited 
by  facts.  Science  is  teaching  ns  that  only  by  observing 
facts  with  our  eyes  can  we  advance  in  an  understand¬ 
ing  of  nature.  This  lesson  is  nowhere  more  charm¬ 
ingly  set  forth  than  in  the  account  of  how  the  message 
of  the  rocks  was  decoded. 

1.  The  Faith  in  Noah^s  Flood 

For  seventeen  centuries  the  mind  of  man  had  been 
held  in  rigorous  servitude  to  the  logical  theorem  that 
nothing  visible  on  the  earth’s  crust  could  be  older  than 
Noah’s  Flood,  and  that  to  doubt  this  logic  was  a  blas¬ 
phemy  which  would  send  souls  to  hell.  Unless  we  can 
picture  that  slavery  in  all  its  cruel  debasement,  we 
shall  get  no  thrill  out  of  the  history  of  the  rocks.  And 
to  gain  the  picture  requires  all  the  imagination  we 
possess. 

Put  yourself  in  the  study  of  Archbishop  Usher,  in 
1650.  He  has  been  primate  of  the  Irish  church,  is  one 
of  the  profoundest  scholars  of  his  time,  has  been  em¬ 
ployed  in  weighty  matters  of  government,  and  is  now 
preacher  to  the  learned  barristers  of  Lincoln’s  Inn. 
In  his  hand  he  holds  a  sheet  of  the  proof  of  a  book 
which  is  to  occupy  him  for  the  next  four  years,  The 
Annals  of  the  Old  and  the  New  Testament,  This  page 
contains  the  result  of  years  of  erudition  and  calcula¬ 
tion — the  date  of  the  creation  of  Adam.  What  all 
previous  theologians  have  only  been  able  to  approxi¬ 
mate  he  has  found  exactly.  As  he  sees  the  figures  in 
print  for  the  first  time,  he  feels  a  glad  thrill  of  self- 
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congratulation.  He  is  proud ;  he  has  a  solid  assurance 
that  his  finding  is  authoritative  and  will  be  accepted  by 
the  best  intellects  in  Christendom.  He  is  right.  If  you 
will  open  your  Authorized  Version  of  the  Bible  at  the 
first  page  of  Genesis,  you  will  see  his  date  at  the  top 
of  the  column  of  references :  4004  B.C.  I  learned  it  in 
Sunday-school,  and  next  Sunday  millions  of  Americans 
will  be  instructed  by  ministers  who  believe  it  to  be  as 
divine  as  the  text. 

What  would  the  Archbishop  have  said  if  he  had 
known  that  a  century  and  a  half  before  he  began  to 
work  out  his  chronology  a  keen  Italian  physician  and 
poet  had  been  speculating  about  a  chronology  that  was 
written  in  the  rocks?  This  Fracastoro  was  consulted 
about  some  fossil  shells  that  were  found  in  excavating 
for  a  citadel  at  Verona,  and  had  replied,  ^‘They  are 
very  much  like  the  mussels  that  live  in  water  to-day; 
they  must  have  lived  in  water  once;  so  the  water  of 
the  salt  sea  was  once  here  at  Verona,  seventy  miles 
from  where  the  shore  now  is.”  He  probably  ’mew  that 
Leonardo  da  Vinci  had  recently  given  the  same  answer 
to  similar  questions  about  fossils;  and  Leonardo  may 
have  had  his  idea  from  Aristotle.  The  idea  was  not 
new.  It  seems  to  have  been  kept  alive  in  a  furtive  kind 
of  way  in  spite  of  the  Hebrew  tyranny,  appealing  to 
one  common-sense  mind  after  another,  but  never  ven¬ 
turing  out  into  the  open  where  its  life  would  have  been 
in  danger. 

What  would  the  Archbishop  have  said  about  the 


GEOLOGY 


25 


idea?  Why  should  he  have  cared  what  a  poet  thought 
about  fossils  ?  The  matter  was  of  vital  concern  to  him. 
Mussels  were  not  what  materialists  would  suppose — 
not  remnants  of  actual  animals.  They  might  be  any¬ 
thing  that  theological  ingenuity  could  imagine.  They 
might  have  been  mada  by  God  as  models,  or  made  by 
God  to  fool  materialists,  or  made  by  the  devil  for  the 
same  purpose^  or  formed  by  a  ‘ ‘ stone-maldng  juice,’’ 
or  made  by  the  influence  of  the  stars,  or  made  by  an 
‘imitative  impulse”  of  the  earth.  But  they  could  not 
be  thought  by  any  spiritual  mind  to  be  what  they 
seemed  to  be — for  a  very  powerful  reason :  the  Hebrew 
legend  declared  that  the  land  was  separated  from  the 
water  on  the  third  day  of  creation  and  that  no  animal 
was  created  till  the  fifth  day ;  hence  it  was  impossible 
that  any  sea  animals  could  ever  have  lived  where  land 
is.  To  think  that  fossils  were  what  they  seemed  to  be 
was  to  deny  the  Word  of  God. 

Hence  the  truth  of  religion  hung  on  the  interpreta¬ 
tion  of  fossils.  If  a  depression  in  a  rock  was  pro¬ 
nounced  to  be  an  imprint  of  the  body  of  Moses,  that 
was  holy  truth.  But  to  say  that  a  petrified  leaf  looked 
like  a  leaf  was  to  teach  atheism. 

So  the  Archbishop  would  have  said  to  Fracastoro, 
‘^Pooh,  pooh,  my  good  man!  Your  eyes  can  not  judge 
realities.  The  only  source  of  truth  is  logic  that  is  based 
on  Scripture.  Such  logic  tells  us  that  no  animal  could 

have  left  its  remains  in  a  mountain.  Look  to  vour 

«/ 

soul’s  welfare  and  quit  this  delusive  observation  of  the 
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deviPs  toys.  Observation  can  teach  you  nothing  but 
error.’’ 

And  precisely  the  same  verdict  is  rendered  to-day 
by  several  million  citizens  of  America  upon  the  obser¬ 
vation  of  the  whole  body  of  geologists.  These  mil¬ 
lions  had  rather  hear  an  ignoramus  vilify  the  fossil 
record  than  to  become  familiar  with  the  most  marvel¬ 
ous  history  that  human  ingenuity  has  transcribed. 

Perhaps  you  squirm  at  this  and  impatiently  exclaim 
about  superstition  that  is  nearly  dead.  Perhaps  you 
yawn  at  another  repetition  of  the  truth  that  the  world 
is  still  almost  as  superstitious  as  ever.  In  either  case 
you  are  unprepared  to  know  what  mental  slavery  is  or 
what  geology  did  in  striking  off  the  chains  that  bound 
the  human  intellect.  You  are  indifferent  to  the  great¬ 
est  romance  of  discovery  that  can  ever  be  put  on  paper. 

In  1660  every  good  Protestant  in  Europe  and 
America,  if  he  was  familiar  with  the  latest  scholarship, 
knew  of  a  surety  that  Archbishop  Usher  was  right  and 
that  the  world  was  exactly  as  many  years  old  as  4004 
plus  1660.  Indeed  a  Harvard  professor  in  that  year 
could  know  accurately  when  Adam  first  breathed ;  for 
a  vice-chancellor  of  the  University  of  Cambridge,  an 
abnormally  learned  man  and  prolific  writer,  had  dis¬ 
covered  that  man  was  created  on  October  23,  4004  B.C., 
at  about  nine  o’clock  in  the  morning.  The  world  now 
knew  the  year  of  Noah’s  flood  — 2348  B.C. 

Would  that  I  had  the  wit  to  show  that  a  Biblical 
chronology  was  to  our  fathers  a  matter  of  eternal  life 


GEOLOGY 


27 


or  death— -a  chronology  which  originated  in  the  fancy 
of  some  Mesopotamian  six  thousand  years  ago,  who 
would  have  laughed  at  the  idea  that  there  was  any  such 
thing  as  eternal  life. 

How  shall  sophisticated  readers  ever  conceive  the 
tyranny  of  Hebrew  Scriptures  that  for  seventeen  cen¬ 
turies  kept  in  abject  servitude  the  finest  minds?  We 
can  not  visualize  the  fact.  We  gloss  and  veil  it  with 
our  own  skepticism.  But  there  it  was,  and  still  is, 
enthroned  as  the  despot  of  all  intellectual  processes. 
This  Pharaoh  of  the  mind  decreed  that  nothing  could 
be  truth  if  it  was  counter  to  a  Hebrew  narrative  of  a 
flood  and  to  a  chronology  deduced  therefrom.  If  men 
reasoned  about  fossils,  their  logic  must  not  run  back  of 
2348  B.G. ;  for  to  do  so  would  deny  the  Scriptures,  and 
to  deny  Scriptures  was  to  sin  unforgivably.  To  read 
the  message  in  the  rocks  by  any  chronology  other  than 
the  Book  of  Genesis  was  to  teach  damnation. 

Fifty  years  after  the  publication  of  Usher’s  date 
the  best  thought  of  England  was  running  full  tide, 
higher  than  in  Catholic  countries,  for  a  literal  accep¬ 
tance  of  Noah’s  flood  as  the  time  when  rocks  began. 
Increase  Mather  declared  with  authority  that  the  bones 
of  a  mammoth  were  remains  of  scriptural  giants — and 
he  was  a  man  of  the  rarest  intellectual  power. 

When  we  encounter  the  beliefs  of  the  most  thought¬ 
ful  men  in  1700,  we  feel  transported  to  a  mental  nurs¬ 
ery  where  children  made  up  stories  of  a  pastry  globe 
that  cracked  or  caved  in  or  spouted  a  Noah’s  Flood 
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from  its  interior.  Addison,  as  lie  posted  through  the 
Alps,  thought  that  they  were  jagged  fragments  of  a 
crust  which  had  fallen  in  after  the  Deluge,  dreadful 
ruins  of  a  paradisal  earth.  The  keenest  geologist  of 
Addison’s  time,  John  Woodward,  believed  that  all  the 
rock  in  the  world  had  been  deposited  in  a  few  months. 

All  through  the  eighteenth  century  there  was  no 
appreciable  loss  of  faith  in  the  power  of  Noah’s  Flood. 
What  conception  did  Doctor  Samuel  Johnson  have  of 
the  earth  on  which  he  walked  when  he  was  at  Oxford  in 
1730?  He  had  seen  the  rocky  hills  of  Staffordshire — 
heaps  of  mere  matter  piled  there  exactly  four  thousand 
fifty-seven  years  before  he  was.  born.  Perhaps  he 
had  heard  that  in  these  rocks  were  some  ‘‘sports  of 
nature,”  queer  things  that  looked  somewhat  like  re¬ 
mains  of  animals,  and  that  some  excitable  natural 
philosophers  supposed  were  really  such  remnants. 
Why  should  an  Oxford  student  '^are  about  mere  rocks 
and  the  oddities  in  them?  Samuel  Johnson — for  all  he 
had  an  eager  mind  and  kept  informed  about  electricity 
and  Monboddo’s  theory  that  man  is  descended  from 
monkeys — cared  no  more  for  rocks  than  a  modern  pro¬ 
fessor  of  poetry  cares  for  the  heterozygotes  in  Droso¬ 
phila.  Johnson  was  as  ignorant  of  the  earth  he  trod 
as  any  Cro-Magnon  who  lived  twenty-five  thousand 
years  ago,  and  possibly  had  less  curiosity  than  the 
cave-man  would  have  had  to  learn  what  geologists  were 
finding  out  about  it. 

In  the  middle  of  the  eighteenth  century  Buff  on  was 
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obliged  by  the  Sorbonne  theologians  to  declare 
solemnly,  abandon  everything  in  my  book  which 
may  be  contrary  to  the  Mosaic  account/’  Near  the 
end  of  the  century  John  Wesley  was  preaching  that  a 
materialistic  explanation  of  rocks  tended  to  infidelity. 

So  late  as  1800  there  were  only  a  handful  of  men  in 
the  world  who  could  look  at  masses  of  rock  with  any 
better  eyesight  than  the  Book  of  Genesis  permitted. 
The  most  scholarly  intellects  of  Christendom  could  see 
in  mountains  only  the  remnants  deposited  by  Noah’s 
Flood.  Professor  Silliman  of  Yale,  a  real  scientist, 
wrote  in  1824,  ^^No  one  will  object  to  ascribing  most  of 
our  alluvial  features  to  the  Deluge  of  Noah.”  In  the 
same  year  one  of  his  colleagues  wrote  about  ^Ghe  ruins 
of  a  former  world,”  and  not  till  after  1850  did  geolo¬ 
gists  abandon  the  theological  fancy  of  ^Ghe  destruction 
of  a  primeval  earth.” 

And  during  the  rest  of  the  nineteenth  century  a 
great  majority  of  English  divines  preached  that  geolo¬ 
gists  were  assailing  the  Word  of  God.  In  1885  Glad¬ 
stone  expended  all  his  power  in  an  effort  to  save  Noah 
from  science.  Even  to-day  there  are  in  every  American 
city,  reported  each  Sunday  in  the  newspapers,  eminent 
preachers  who  fulminate  against  the  record  that  all 
reputable  paleontologists  have  seen  in  nature’s 
museum. 

Shall  we  politely  speak  of  their  good  intentions  and 
let  them  go  at  that?  Or  shall  we  shrug  our  shoulders 
and  say  that  their  superstition  will  die  a  natural  death  ? 
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It  is  not  dying.  It  is  animating  state  legislatures  with 
a  new-born  zeal  for  Usherism,  for  mental  bondage.  It 
threatens  Congress.  It  is  frightening  the  mind  of  every 
politician  and  loudly  forging  new  chains  of  medieval¬ 
ism. 

There  is  no  need  of  despair  about  this  situation — 
far  from  it.  We  should  learn  to  see  the  humor  of  the 
way  the  human  intellect  always  prefers  to  act.  What  I 
am  showing  is  that  our  intellect  is  no  better  now  than 
it  has  always  been.  We  shall  be  more  at  ease  if  we 
realize  that  the  intellect  has  not  been  improved  by 
living  with  science  for  a  mere  matter  of  six  genera¬ 
tions.  Editors  and  ministers  who  are  scandalized  by 
an-  anti-geology  sentiment  should  realize  that  we 
Americans  are  simply  conservative,  doing  now  what 
all  the  best  minds  of  Europe  have  always  done  when 
they  were  confronted  by  some  scientific  facts  about  the 
shape  of  the  earth,  or  the  germs  of  disease,  or  the 
nature  of  comets,  or  the  history  of  fossils. 

Why  has  it  never  occurred  to  any  historian  to  leave 
his  battles  and  thrones  for  a  few  pages  and  picture 
for  us  this  sudden  emancipation  of  the  human  mind? 
Think  of  what  he  could  do  with  the  subject  of  rocks. 
For  twenty-five  thousand  years  we  know  that  men  with 
brains  as  good  as  ours,  which  they  used  rather  better 
than  we  do,  have  lived  amidst  rocks  and  wondered  at 
them.  Through  the  hundreds  of  centuries  there  was 
never  a  glimmer  of  understanding  of  what  manner  of 
earth  wo  live  on.  By  a  Neanderthal  man  as  by  Glad- 
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stone  the  strata  were  explained  in  terms  of  some 
legend.  All  the  earth  was  a  heap  of  imaginings. 
Among  all  the  billions  of  human  beings  who  cogitated 
while  the  thousands  of  years  went  by  there  were  only 
a  few  dozen  who  glimpsed  something  beyond  myths  and 
passed  their  guesses  on  to  a  few  curious  men  of  suc¬ 
ceeding  generations.  And  then,  about  1700,  some 
assembling  of  the  guesses  began  to  be  made  in  a  fal¬ 
tering  way,  in  fear  of  the  anathemas  of  theology.  Here 
is  history  that  would  shock  us  into  a  most  wholesome 
amazement.  It  would  reveal  us  to  ourselves  as  no  lib¬ 
raries  full  of  chronicles  of  kings  have  begun  to  do.  No 
wonder  that  we  are  still  like  dazzled  children,  fearsome 
and  hesitating,  as  we  hear  what  science  has  read  in  the 
books  of  stone. 

2,  The  First  Faint  Skepticism  about  Noah 

Only  the  most  unusual  minds  before  1830  felt  in 
anywise  skeptical  as  to  the  power  of  Noah^s  Flood  to 
deposit  gold  and  slate  and  vast  mountain  chains.  One 
of  these  was  Steno,  a  Danish  professor  of  anatomy 
and  a  devout  Catholic,  who  published,  in  1669,  an  ex¬ 
planation  of  fossils.  He  shows  us  what  the  inquisitive 
minds  of  men  could  have  done  long  before  with  the 
riddle  of  the  rocks  if  they  had  been  free  to  put  facts 
together.  He  said  in  a  perfectly  matter-of-fact  way 
that  layers  of  sandstone  look  just  as  if  they  had  been 
formed  by  the  hardening  of  silt  deposited  on  a  shore¬ 
line,  and  that  fossils  embedded  in  them  look  just  as  if 
they  were  the  remains  of  animals  that  had  died  and 
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been  preserved  there.  But  Steno  had  to  be  cautious,  for 
he  did  not  wish  to  be  thought  irreligious  or  to,  be  ex¬ 
communicated.  Of  course  he  was  careful  to  deny  that 
his  speculations  were  in  any  way  at  variance  with  the 
sacred  account  of  Noah’s  Flood. 

A  list,  in  time-order,  of  the  naturalists  who  went 
nosing  among  the  stones,  from  Steno  to  Geikie,  would 
deaden  all  understanding  of  this  story  of  the  rocks. 

It  will  be  more  interesting  to  imagine  the  feelings 
of  John  Strachey,  who  was  puzzling  about  the  strata  in 
English  coal  fields  at  the  time  w^hen  the  Spectator 
Papers  were  amusing  the  world  (1711).  I  dare  say 
his  emotions  had  more  soul-stuff  in  them  than  the  fears 
of  Columbus ’s  sailors  that  they  might  run  off  the  edge 
of  the  world.  For  Strachey  was  sailing  on  a  wide  sea 
of  thought,  on  a  stormy  religious  sea,  where  he  might 
tumble  to  quick  perdition  if  he  followed  his  investiga¬ 
tion  too  far.  Here  were  three  well-defined  strata  of 
different  formations  of  coal,  and  there  several  miles 
away  were  the  same  strata,  but  inclined  somewhat  dif¬ 
ferently  and  of  different  thicknesses.  How  did  the 
Flood  contrive  to  deposit  solid,  combustible  matter  in 
this  way?  Plow  did  it  make  impressions  of  fern  leaves 
that  were  accurate  to  the  last  refined  detail !  Careful ! 
Strachey  must  keep  a  lookout  for  the  brink  of  that 
atheism  which  might  be  only  a  little  way  ahead  of  such 
thoughts. 

I  am  not  implying  that  the  message  in  the  rocks 
could  have  been  read  easily  if  men  had  been  more  atten- 
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tive  to  it.  For  it  was  written  in  most  intricate  and 
nnsystematic  symbols,  compared  with  which  the  Maya 
inscriptions  are  simple.  Moreover,  the  message  was 
incredible.  It  told  a  story  too  vast  for  human  concep¬ 
tion,  in  terms  which  are  alien  to  the  instincts  of  our 
minds.  It  would  be  no  discredit  to  our  race  if  we 
were  still  unable  to  decipher  the  hieroglyphics  of 
geology. 

Wliat  will  forever  stand  to  the  discredit  of  the  race 
is  that  it  made  hardly  any  effort  to  decipher.  It  would 
not  use  its  eyes  even  on  those  parts  of  the  message  that 
were  printed  out  in  plain  capital  letters.  It  theorized, 
philosophized,  theologized,  quarreled,  used  all  manner 
of  sophistry — did  everything  but  observe  what  was 
recorded  in  unmistakable  terms.  Except  for  a  few 
Greeks,  and  a  half  dozen  Europeans  during  the  Eenais- 
sance,  no  human  being  before  1775  seemed  willing  to 
examine  rocks  in  the  same  way  he  examined  money 
and  puddles  and  candles. 

Take,  as  the  most  favorable  example  of  all  geolo¬ 
gists  in  1775,  a  teacher  in  the  famous  academy  of 
mines  at  Freiberg,  the  most  eminent  trainer  of  miners 
in  his  day,  Werner.  The  best  he  could  do  was  to  think 
up  a  theory  that  all  rocks  were  deposited  by  Noah’s 
Flood,  as  if  they  were  so  much  salt  left  by  evaporation. 
He  taught  that  there  were  three  layers  of  rocks, 
arranged  in  the  order  of  their  age.  When  a  disciple 
discovered  near  Freiberg  some  of  the  ‘‘oldest”  kind 
on  top  of  a  “younger”  kind,  Werner  was  not  inter- 
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ested  in  a  fact  that  upset  his  theory.  He  was  teaching 
doctrine.  His  doctrine  was  zealously  defended  by  his 
followers,  as  if  it  had  been  a  political  or  religious  creed. 
Because  they  credited  the  ocean  with  having  made  the 
surface  of  the  earth  they  were  dubbed  ^^Neptunists.’^ 

They  were  opposed  by  a  school  of  thinkers  who 
accounted  for  rocks  and  minerals  by  the  action,  of  vol¬ 
canoes  and  earthquakes,  and  who  were  therefore  called 
‘^'Plutonists.’’  The  Plutonists  can  be  credited  with 
caring  slightly  for  the  observation  of  facts.  They 
pointed  out  the  strong  indications  that  the  interior  of 
the  earth  did  not  contain  stupendous  caverns,’’  but 
was  solid  and  very  hot.  When  they  saw  a  basalt  cliff, 
like  the  Hudson  Palisades,  they  said,  ‘‘It  loohs  as  if  it 
had  been  forced  out  molten  from  the  earth.”  We  now 
Enow  that  their  guess  was  correct. 

But  neither  party  of  the  geologists  of  a  hundred 
years  ago  cared  much  about  observing  the  alphabet  of 
nature  and  reading  her  narrative.  Their  main  reliance 
was  on  the  invention  of  narratives.  They  made  spec¬ 
tacular  and  romantic  ones.  The  earthquakes  of  the 
past  had  been  terrific,  the  cataclysms  stupendous,  the 
catastrophes  overwhelming.  One  of  the  mildest  of 
their  romances  was  told,  as  late  as  1852,  by  a  distin¬ 
guished  Frenchman,  Elie  de  Beaumont ;  he  assured  the 
world  that  every  mountain  range  had  been  ‘  ‘  thrown  up 
suddenly”  and  that  all  ranges  thrown  up  at  the  same 
time  were  parallel  to  one  another.  These  mountain¬ 
making  periods  he  called  “paroxysms.”  The  geology 
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of  1825  a  liistory  of  the  spasms  of  the  earth’s 
crust.  Islands  and  continents  were  born  in  violence 
and  blotted  out  in  qnick  disaster.  Every  mountain 
gorge  was  the  result  of  some  frightful  upheaval ;  every 
placid  valley  had  been  scooped  out  by  the  mad  swirling 
of  Noah’s  Flood. 

We  all  love  romance.  Not  only  does  our  fancy 
respond  to  the  extraordinary  doings  of  the  long  ago, 
but  our  religious  instincts  cling  to  the  stories  of  a  work¬ 
man  who  fashioned  and  destroyed  with  the  emotions 
that  are  in  our  breasts.  To  question  the  stories  is  to 
be  ^ ‘mechanistic.”  To  find  in  the  geological  record 
only  a  history  of  changeless  natural  laws,  the  same  yes¬ 
terday  and  to-day  and  forever,  is  to  be  dreary  and  un- 
comdncing.  No  wonder  that  the  cipher  of  the  rocks 
was  utterlv  unreadable. 

3.  Observing  What  Water  Has  Bone 

Some  day  it  is  going  to  occur  to  a  historian  that  the 
political  liberty  achieved  by  the  American  Revolution 
is  less  important  than  the  freedom  of  the  intellect 
w^hich  was  declared  by  a  certain  Scotch  geologist, 
James  Hutton.  He  set  himself,  “with  a  passionate 
love  of  inquiry,”  to  observing  the  message  in  the  rocks. 
He  resolved — in  words  not  previously  matched  among 
men — that  he  would  refrain  from  speculation.  He  de¬ 
termined  “to  interpret  the  past  by  what  can  be  seen 
in  the  present  order  of  nature.”  His  book,  published 
in  1785,  bore  in  its  long  title  this  phrase:  “an  investi- 
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gation  of  the  laws  observable.’^  By  mere  observation 
he  proposed  to  read  the  riddle. 

Such  an  undertaking  was  unique  in  the  annals  of 
mental  operations.  A  philosopher  can  perceive  the 
assumption  in  it — namely,  that  natural  laws  to-day  are 
the  same  that  they  have  been  in  the  past.  That  might 
have  been  a  fallacy ;  but  it  proved  to  be  the  key  for  the 
world  ^s  most  baffling  cipher. 

The  canny  work  of  Hutton  gradually  appealed  to  a 
few  observant  minds  here  and  there.  In  1807  a  small 
group  of  these  observers  organized  themselves  into  the 
Geological  Society  of  London,  with  the  expressed  pur¬ 
pose  of  ^‘avoiding  speculation  and  patiently  accumu¬ 
lating  facts.’’  The  same  purpose  began  to  animate  a 
young  man,  Charles  Lyell,  who  called  his  Principles  of 
Geology,  1830,  ‘^an  attempt  to  explain  the  former 
changes  in  the  earth’s  surface  by  reference  to  causes 
now  in  operation.”  Though  he  was  a  Christian,  and 
scrupulous  not  to  offend  religious  sentiment  in  his 
book,  his  private  letters  joked  about  Noah  and  ‘Hhe 
Mosaic  geology.”  For  twelve  years  he  had  been  an 
untiring  observer  of  rocks  in  Scotland,  France,  Italy 
and  Spain,  so  that  he  was  easily  the  best  informed 
geologist  in  the  world,  as  he  was  by  nature  the  shrewd¬ 
est.  All  his  observation  had  indicated  to  him  that  nat¬ 
ural  causes  have  always  been  what  they  are  now  and 
that  they  have  always  acted  uniformly.  Hence  his 
method  of  searching  for  the  secrets  of  the  past  was 
called  ‘  ‘  unif ormitarianism.  ’  ’ 
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That  lumbering  eight-syllable  name  is  typical  of  the 
way  in  which  geology  has  been  made  forbidding.  The 
Latin  and  Greek  polysyllables  suggest  to  us  a  morgue 
of  the  emotions,  a  grim,  mysterious,  pedantic  place 
where  human  interest  can  not  breathe.  But  this  is  the 
opposite  of  the  truth.  All  geology  is  as  much  alive  with 
common-sense  emotion  as  a  day  in  the  woods  is  for  a 
hunter.  All  a  geologist’s  reasoning  is  based  on  cases 
that  are  as  matter-of-fact  as  deer  tracks  and  that  are 
more  exciting.  When  a  geologist  decodes  a  passage  in 
the  rocks  he  is  no  more  mystical  than  I  am  when  I 
reason  about  a  country  road  that  has  been  gullied  by 
last  night’s  rain. 

As  I  open  my  eyes  to  the  actual  clay  and  gravel  that 
lie  beneath  them,  I  do  not  see  any  evidence  of  a  uni¬ 
versal  cataclysm  which  deluged  the  continent  four 
thousand  minutes  ago.  If  you  were  walking  with  me 
and  I  held  such  language,  you  would  think  me  a  lunatic. 
You  can,  read  the  geological  message  beside  the  road. 
Here  is  a  clay  cliff  one  inch  high,  below  which  is  a  basin 
of  fine  earth  fringed  with  pebbles.  If  you  follow  down 
the  slope  from  this  point  you  will  trace  the  course  of  a 
stream  that  ran  in  past  times.  You  have  no  more  doubt 
of  what  you  read  in  the  dirt  than  of  what  you  read  in  a 
newspaper.  Indeed,  you  have  far  less  doubt ;  for  the 
printed  words  may  tell  a  falsehood,  but  the  sand  and 
stones  reveal  absolute  truth,  indisputable  in  its»  small¬ 
est  detail — provided  you  judge  that  natural  laws  were 
the  same  last  night  as  they  are  this  afternoon. 
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My  illustration,  you  will  suppose,  is  humorously 
petty.  No,  it  is  not  even  so  slight  a  thing  as  an  illus¬ 
tration  ;  it  is  a  part  of  the  very  stuff  of  the  most  recon¬ 
dite  geology.  We  have  looked  at  a  watercourse  and 
have  read  its  history.  If  we  had  previously  spent  a 
few  months  in  cultivating  a  knowledge  of  many  sorts  of 
rivulets,  in  many  sorts  of  soil,  we  could  read  a  hundred 
particulars  that  are  hidden  from  us  by  our  ignorance. 
We  should  have  no  doubt  of  the  accuracy  of  our  inter¬ 
pretation  of  this  stream.  And  if  we  acted  in  this  per¬ 
fectly  rational  way  about  a  bit  of  erosion,  we  should 
surpass  the  performances  of  almost  the  whole  body  of 
geologists  before  1830.  They  looked  upon  an  earth 
that  has  everywhere  been  eroded  by  streams  of  water, 
a  record  as  unmistakable  as  ours  beside  the  road — ^but 
they  did  not  allow  themselves  to  use  their  eyes.  They 
speculated.  They  reported  in  their  learned  books  that 
all  river  valleys  were  caused  in  2348  B.C.  by  a  universal 
deluge.  It  was  the  lifelong  labor  of  Lyell  to  persuade 
geologists  to  forget  Noah  and  to  look  with  their  own 
eyes  at  the  actual  erosion  that  lay  before  them.  He 
worked  for  half  a  century  to  teach  them  to  see  the  yes¬ 
terday  of  geology  with  the  same  eyes  that  perceived  the 
proof  of  yesterday’s  rain-storm. 

Even  in  1862  it  was  still  a  common  notion  among 
geologists  that  the  Grand  Canon  of  the  Colorado  was 
a  fissure  caused  by  some  paroxysm ;  it  was  still  neces¬ 
sary  to  prove,  by  arguing  from  actual  observation,  that 
the  Canon  had  been  eroded.  There  was  never  any  sen- 
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sational  year  in  the  history  of  the  Southwest  when  vio¬ 
lent  forces  were  unchained  that  rent  the  rocks  and 
formed  a  gorge.  There  was  never  any  spectacular  cen¬ 
tury  in  which  the  work  was  accomplished,  nor  any 
thousand-year  period.  The  slow  calm  centuries  suc¬ 
ceeded  one  another  while  the  water  gradually,  very 
gradually,  wore  its  path  through  a  plateau  that  was 
slowly,  very  slowly,  rising  with  a  quiet  uniformity. 
Everything  that  observers  can  see  corroborates  this 
reading  of  geological  history.  Nothing  has  ever  been 
seen  in  nature  that  opposes  the  reading. 

Every  observation  ever  made  of  a  puddle  or  a  lake 
that  is  lowered  by  evaporation  confirms  a  certain 
opinion  about  a  line  along  the  mountains  above  Great 
Salt  Lake.  No  observation  conflicts  with  that  opinion. 
Hence  all  rational  tourists  now  believe  as  a  matter  of 
course  that  the  border  of  the  Lake  was  once  high  up 
where  that  perfectly  horizontal  line  runs. 

4.  Observing  What  Ice  Has  Done 

What  agency  could  have  planted  a  ten-foot  block 
of  granite  on  a  ledge,  so  balancing  it  on  a  one-foot  base 
that  it  looks  as  if  a  high  wind  would  topple  it  over? 
Until  1834  no  geologist  knew  the  right  answer.  Per¬ 
haps  no  geologist  ever  would  have  been  shrewd  enough 
to  guess  it  if  a  Swiss  hunter  had  not  observed  some¬ 
thing.  He  noticed,  with  his  mere  pair  of  eyes,  that 
great  boulders  looked  as  if  they  had  been  left,  some¬ 
times  poised  in  remarkable  positions,  by  glaciers.  He 
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told  an  engineer,  who  was  incredulous.  When  the  engi¬ 
neer  finally  mustered  courage  to  report  this  strange 
observation  to  a  society  of  naturalists  it  was  met  with 
incredulity.  Seldom  has  a  small  memoir  so  excited 
the  scientific  world,’’  we  are  told.  Most*  who  heard  it 
mocked  at  it,  among  them  Agassiz.  But  Agassiz  was 
curious.  He  studied  the  evidence  with  his  own  eyes. 
There  was  no  evading  it.  In  1837  he  horrified  the  Hel¬ 
vetic  Society  by  publicly  defending  the  theory  that 
balanced  rocks  have  been  deposited  by  sheets  of  ice. 

Imagine  that  you  are  Agassiz,  coming  from  Europe 
to  be  a  Harvard  professor  in  1846.  You  are  a  devout 
person  whose  science  has  deepened  your  religious  con¬ 
victions.  To  you  is  put  the  question:  ‘HIow  did  this 
balanced  rock  in  Shrewsbury  come  to  be  in  such  a 
position?”  You  reply,  ‘Ht  was  dropped  there  gently 
by  a  glacier.”  For  the  rest  of  the  scene  your  imagin¬ 
ation  is  not  strong  enough,  because  you  can  not  under¬ 
stand  how  the  answer  seemed  atheistical  to  most  Har¬ 
vard  professors.  That  was  the  fact.  New  England 
professors  of  eighty  years  ago  were  not  nearly  so 
broad-minded  as  the  inhabitants  of  Dayton,  Tennessee, 
are  to-day.  The  Daytonians  want  to  hear  what  the 
scientists  have  to  say.  The  Harvard  professors  did 
not  care  to  listen  to  a  mechanistic  naturalist  who 
flaunted  Genesis. 

Their  distrust  of  his  glacier  was  better-founded 
than  you  think.  If  his  theory  were  accepted  it  would 
have  astounding  consequences.  All  the  w^ay  west  from 
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Massachusetts  there  are  other  signs  of  glaciers.  There 
are  hummocks  of  gravel,  ridges  of  sand  and  clay,  hills 
of  gravel  and  boulders,  all  of  them  formed  out  of  ma¬ 
terials  jumbled  together  in  a  mass  that  water  could 
never  produce.  Water  has  to  sort  and  stratify  what 
it  carries;  the  hills  that  Agassiz  traveled  to  view  in 
Ohio  and  Wisconsin  and  Dakota  are  formed  higgledy- 
piggledy.  Ice  is  the  only  conceivable  agent  that  could 
have  dumped  them  down  on  the  plains.  The  fact  was 
as  obvious  to  Agassiz  as  it  would  be  to  you  and  me  if 
we  had  ever  observed  what  ice  does  in  the  Canadian 
Eockies  or  along  the  Alaskan  shore. 

The  consequence  of  Agassiz’s  answer  reached  much 
farther  still.  It  is  beyond  dispute — at  least  for  people 
who  refuse  to  speculate — that  these  ice-deposits  were 
not  made  by  limited  local  glaciers  in  mountains.  They 
could  have  been  made  only  by  a  continuous  sheet  of 
ice  that  stretched  from  the  Atlantic  to  the  Pacific,  with 
a  southern  front  of  four  thousand  miles.  And  this  ice- 
sheet  must  have  been  moving,  slowly  gliding  south¬ 
ward.  It  could  exist  only  in  a  climate  somewhat  like 
that  of  Greenland. 

A  still  more  amazing  consequence  was,  as  prolonged 
and  careful  study  showed,  that  the  ice-sheet  had  differ¬ 
ent  southern  fronts  at  intervals  of  many  thousands  of 
years;  it  came  down  and  went  back,  came  down  and 
went  back  five  times.  There  is  no  more  doubt  about  it 
than  I  feel  when  I  examine  the  lines  of  dirt  left  in 
spring  by  the  melting  of  a  big  snow-drift.  It  is  possible 
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in  some  places,  where  the  record  of  the  continental  ice- 
sheet  has  been  perfectly  preserved,  to  count  the  num¬ 
ber  of  yards  of  a  glacial  retreat  each  year.  Every 
retreat  of  a  hundred  miles  must  have  meant  an  alter¬ 
ation  in  climate. 

Another  sort  of  record  left  by  a  glacier  is  compara¬ 
tively  slight  in  appearance — the  grooves  it  makes  when 
it  presses  the  stones  on  its  bottom  against  ledges  over 
which  it  moves.  Yet  to  the  trained  eye  these  grooves 
are  as  unmistakable  as  a  hill.  No  other  agency  could 
chisel  the  long,  straight  lines.  If  a  geologist  sees  them, 
he  says  glacier’’  as  certainly  as  you  say  ^ Hoorn”  when 
you  see  a  piece  of  cloth.  So  we  can  only  dimly  imagine 
the  consternation  with  which  scientists  first  heard  of 
glacial  grooves  on  very  ancient  rocks  in  temperate 
regions  —  for  example,  in  India,  within  nineteen 
degrees  of  the  equator.  Later  the  unmistakable  proof 
was  found  that  ice-sheets  had  stretched  from  southern 
Africa  almost  to  the  equator.  If  the  law  of  gravitation 
is  the  same  now  as  it  used  to  be,  then  the  climate  of 
equatorial  Africa  must  once  have  been  sub-arctic. 

Evidence  of  another  sort  shows  that  the  climate  of 
Greenland  must  once  have  been  sub-tropical ;  there  are 
beds  of  ancient  coral  in  latitude  eighty-one  degrees 
north.  Coral  polyps  do  not  live  in  cold  water,  nor  did 
they  in  earlier  times — unless  biological  laws  were  once 
utterly  different  from  what  they  are  now.  The  Arctic 
Ocean  was  once  warm — unless  we  account  for  coral  by 
mythology. 
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If  we  do  not  trust  myths,  and  if  we  do  trust  our 
eyes,  there  is  only  one  way  of  reading  the  record  of  the 
climate  of  the  North  American  continent  through  past 
ages :  it  has  been  alternately  warm  and  cold  ever  since 
the  most  ancient  times.  There  has  been  no  gradual 
cooling  of  a  hot  earth. 

5.  Observing  the  Movements  of  the  Earth^s  Crust 

The  key  of  uniform  natural  law  has  enabled  us  to 
decode  another  large  and  very  different  section  of  the 
message  in  the  rocks.  This  is  the  up-and-down  motion 
of  the  earth ’s  crust.  There  are  bits  of  the  record  which 
could  be  read  by  any  alert  high-school  student.  Show 
him  the  pillars  of  the  ruins  of  a  temple  on  the  coast  of 
Italy,  ten  miles  west  of  Naples.  These  are  forty  feet 
high;  for  a  distance  of  twelve  feet  upward  from  the 
base  they  are  smooth;  then  comes  a  section  nine  feet 
high  which  has  been  pitted  with  holes  by  some,  stone¬ 
boring  mussels  that  can  live  only  in  salt  water ;  above 
this  band  of  borings  the  pillars  are  smooth.  Only  one 
explanation  of  the  borings  is  possible :  at  one  time  the 
base  of  the  pillars  was  more  than  twenty-two  feet 
under  water ;  and  after  the  pillars  had  been  submerged 
for  a  period,  they  were  again  lifted  out  of  the  water. 
The  land  at  this  place  sank  and  rose  more  than  twenty- 
two  feet  during  seventeen  centuries. 

There  has  been  a  long  series  of  accurate  measure¬ 
ments  of  levels  in  the  Baltic,  which  show  that  in  certain 
shallow  waters  the  depth  has  diminished.  The  lifetime 
of  one  man  has  been  sufficient  for  the  shoaling  of  a  pas- 
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sage,  so  that  where  his  boat  would  pass  when  he  was 
a  boy  it  will  not  pass  when  he  is  an  old  man. 

These  and  many  other  unquestionable  proofs  em¬ 
bolden  the  geologists  to  believe  their  eyes  when  they 
see,  by  signs  quite  as  indubitable  in  the  rocks,  that 
mountains  have  been  slowly  lifted  ten  thousand,  twenty 
thousand,  and  thirty  thousand  feet. 

6^.  The  Rosetta  Stone  of  Geology — the  Fossils 

The  largest  and  by  far  the  most  important  part  of 
the  geological  record  has  been  read  by  means  of  fossils. 
If  we  believe  that  an  old  nest  was  made  by  birds,  that 
the  skeleton  of  a  dog  in  Pompeii  was  once  part  of  a 
living  dog  at  Pompeii,  that  a  beetle  in  amber  was  once 
a  live  beetle  on  a  tree — then  we  must  believe  that  the 
fossil  records  of  plant  and  animal  life  reveal  a  history 
of  the  globe.  In  this  chapter  I  can  do  no  more  than 
point  to  two  examples  of  how  the  geologists  learned  to 
read  by  means  of  fossils. 

William  Smith,  nicknamed  ‘‘Strata’’  Smith,  was  a 
surveyor  whose  various  jobs  carried  him  over  many 
parts  of  England  when  canals  were  being  projected  so 
numerously  to  provide  for  the  needs  of  the  Industrial 
Revolution.  As  he  surveyed  he  curiously  observed  the 
strata  of  rocks;  and  after  he  had  gained  a  long  ex¬ 
perience  of  them  and  had  codified  his  surveys,  he  dis¬ 
covered  a  settled  order  of  succession.  Now  it  so  hap¬ 
pened  that  two  clergymen  became  acquainted  with  this 
interesting  but  unacademic  lover  of  nature.  One  of 
these,  like  so  many  other'  men  of  the  cloth  in  England 
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and  France,  was  interested  in  nature  and  had  made 
himself  an  adept  in  fossils.  Smith  classified  the  rec¬ 
tor’s  fossils  according  to  the  order  of  the  strata  in 
which  they  had  been  found.  In  1799  he  collaborated 
with  the  rector  in  publishing  these  results  of  putting 
together  the  knowledge  of  strata  and  the  knowledge  of 
fossils:  Order  of  the  Strata,  and  their  imbedded  Or¬ 
ganic  Remains,  in  the  neighborhood  of  Bath.  This 
book  is  as  significant  in  intellectual  history  as  the  fall 
of  the  Bastille  is  in  political  annals. 

While  Smith  was  learning  to  read  fossils  in  Eng¬ 
land,  a  French  abbe  was  investigating  fossils  in  the 
limestone  hills  west  of  the  Rhone,  above  Avignon.  He 
found  at  one  place  five  layers,  in  each  of  which  was  a 
distinctly  ditferent  set  of  shells :  in  the  bottom  set  there 
were  no  shells  like  any  that  live  to-day;  in  the  next 
layer  above  this  was  a  set  that  contained  a  few  living 
species ;  and  from  here  up  the  successive  layers  grew 
continually  more  modern;  the  top  layer  contained  no 
extinct  species.  When  the  abbe  studied  a  place  in  the 
hills  north  of  this,  he  found  the  same  five  layers  of 
limestone  of  the  same  different  ages.  And  the  same 
was  true  of  a  place  to  the  south.  In  short,  he  had  dis¬ 
covered  a  code-book  for  the  message  which  nature  had 
written  at  the  edge  of  the  Rhone  Valley.  If  any  skeptic 
had  gone  to  a  spot  in  the  hills  where  the  abbe  had  never 
been,  had  there  collected  samples  of  the  shells,  and  had 
labeled  his  sets  wrong,  the  abbe  would  have  detected 
the  trick  and  could  have  exposed  it  by  going  back  with 
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the  skeptic  to  supervise  him  while  he  collected  a  second 
time.  No  variation  in  the  order  was  found  at  the 
time,  nor  has  any  ever  been  found  in  the  researches 
since  then. 

In  other  parts  of  France,  and  in  other  countries, 
are  similar  sets  of  those  identical  kinds  of  shells.  They 
always  have  the  identical  order  that  they  have  on  the 
Ehone.  Lyell  made  himself  the  world’s  premier  geol¬ 
ogist  by  learning  to  read  the  record  of  shells.  ^‘The 
extent  and  beauty  of  these  objects,”  he  wrote  to  his 
sister  from  France,  ‘Hs  truly  wonderful,  and  the 
results  are  becoming  more  important  every  day.  Shells 
are  the  character  in  which  Nature  has  been  pleased  to 
write  all  her  most  curious  documents.  ”  The  geologists 
now  know  that  the  documents  read  by  Lyell  are  a 
record  of  the  time-order  of  the  rocks,  and  that  it  always 
reveals  the  same  order  in  all  parts  of  the  world. 

There  is  no  way  of  knowing  the  age  of  a  formation 
by  the  kind  of  rock  or  minerals  in  it,  because  lava  or 
limestone  or  gneiss  might  have  been  formed  in  any 
era  since  the  earth  was  young.  The  relative  age  of  a 
formation  can  only  be  told,  either  directly  or  indirectly, 
by  fossil  evidence. 

The  work  of  paleontologists  throughout  the  past 
century  has  been  to  carry  out  the  principles  of  observ¬ 
ing  the  order  of  fossils  in  one  region  and  comparing  it 
with  the  defective  or  distorted  record  in  another 
region.  It  has  been  a  most  intricate  and  tricky  labor. 
It  has  required  the  cooperation  of  thousands  of  skilled 
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men  inspired  by  a  zest  for  the  most  difficult  sort  of 
detective  work  with  the  most  baffling  materials.  It  is 
far  from  solved.  In  fact,  the  tangles  in  the  fossil  evi¬ 
dence  are  so  numerous  that  one  man  has  written  a  book 
to  prove  all  geology  a  hoax.  If  I  had  ever  encountered 
an  incautious  geologist,  I  might  be  interested  in  this 
book ;  but  it  means  no  more  to  a  reasonable  person  than 
an  attempt  to  prove  that  the  buildings  in  Chicago  are  a 
lie  invented  by  an  association  of  real  estate  dealers. 

Geologists  are  just  as  competitive  as  real  estate 
agents.  Every  paragraph  of  the  history  of  the  earth 
has  been  subjected  to  the  pitiless  scrutiny  of  rivals. 
Every  young  geologist  on  a  survey  in  summer  knows 
that  if  he  can  find  evidence  against  any  accepted  bit  of 
the  chronicles  he  can  gain  prestige  and  open  a  career 
by  publishing  his  evidence  in  a  technical  journal.  The 
worst  nightmare  of  every  old  geologist  is  the  fear  that 
some  rival  will  detect  him  in  error.  For  these  trans¬ 
lators  of  the  cipher  of  fossils  are  not  a  corporation  of 
altruists  building  a  pretty  temple  for  their  common 
glory;  they  are  self-seeking  and  emulous  individuals 
who  covet  more  salary  and  reputation.  And  they  can 
not  realize  their  ambitions  by  subscribing  to  a  creed. 
They  can  get  ahead  only  by  translating  something.  It 
is  this  perpetual  rivalry  which  guarantees  to  laymen 
the  version  upon  which  they  are  all  agreed. 

7.  The  History  of  a  Billion  Years 

When  a  scientist,  testifying  at  the  Scopes  trial  in 
1925,  spoke  the  first  sentence  of  the  modern  version  of 
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the  scripture  of  the  rocks,  the  crowd  in  the  court  room 
tittered.  To  them  he  sounded  ridiculous  when  he  said, 
^‘The  crust  of  the  earth  is  at  least  a  billion  years  old.^^ 
Yet  no  geologist  in  the  world  has  been  able  to  win  fame 
or  promotion  by  disproving  that  first  verse  of  the 
genesis  according  to  science. 

The  first  part  of  the  billion-year  history  was  not 
read  by  fossils,  for  it  reaches  far,  far  back  of  the  time 
when  there  was  life  on  the  earth.  The  history,  indeed, 
is  not  a  portion  of  the  geologic  record,  but  only  a 
theory,  which  may  be  read  in  Professor  T.  C.  Chamber¬ 
lin’s  The  Origin  of  theEarthj  which  bids  fair  to  become 
one  of  the  most  significant  of  scientific  classics.  (There 
are  other  references  to  it  in  Chapters  XI  and  XII.) 
Here  I  can  only  sketch  the  extraordinary  account  of 
the  creation  which  geology  allows  to  stand  (though  it 
may  never  be  actually  demonstrated)  as  a  preliminary 
chapter  to  the  record  of  the  rocks.  Fantastic  though 
it  sounds,  and  remote  from  geology  though  it  seems,  it 
was  arrived  at  by  inquiring,  What  causes,  which  have 
always  been  uniformly  at  work  in  the  universe  and 
which  can  be  observed  now,  could  have  produced  our 
set  of  planets!”  The  answer  proved  to  be  what  I  out¬ 
line  in  the  next  two  paragraphs. 

A  billion  or  two  years  ago  there  was  almost  a  col¬ 
lision  between  Sol  and  another  sun ;  the  other  sun  came 
so  near  Sol  in  its  cosmic  travels  that  it  began  to  disrupt 
Sol ;  eight  gobs  of  molfen  matter,  drawn  by  the  superior 
attraction  of  the  other  sun,  rushed  toward  it;  they 
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were  not  fast  enough  to  reach  it,  for  it  had  been 
wheeled^  out  of  its  course  by  Sol;  the  gobs  were  thus 
left  spinning  in  cold  space,  unable  to  get  back  to  the 
warm  nest  which  they  had  left — and  they  have  con¬ 
tinued  spinning  to  this  day,  revolving  about  Sol,  as 
eight  planets.  Two  revolve  between  us  and  our  sun, 
five  beyond  us. 

The  embryo  earth  was  much  smaller  than  now, 
molten,  of  irregular  shape.  But  it  must  have  cooled 
and  taken  a  spherical  shape  in  an  extremely  brief  time, 
as  time  goes  in  geology.  No  sooner  had  it  settled  in  its 
monotonous  race-course  than  it  began  to  gather  to  it^- 
self  the  debris  of  the  encounter  of  the  suns,  and  grew 
rapidly  in  size. 

So  it  had  a  most  bizarre  birth  and  an  eventful 
infancy.  But  since  then  it  has  been  a  very  placid  and 
changeless  orb,  never  hot  since  it  took  its  present  form, 
never  more  volcanic  than  now,  never  covered  with  sul¬ 
phurous  vapors,  never  altering  in  any  noticeable  way. 
Very  gradually  it  accumulated  an  ocean  and  an  atmos¬ 
phere.  The  ocean  adjusted  itself  to  land-masses  very 
much  as  we  see  it  adjusted  to-day.  Portions  of  the 
crust  have  always  been  slowly  pushed  up  and  slowly 
worn  down  by  erosion,  but  always  within  such  heights 
as  we  see  now.  Geologists  can  not  learn  of  any  period 
of  cataclysms  and  terrible  doings.  When  I  read  in  a 
newspaper  that  a  survey  mark  on  a  peak  near  Santa 
Barbara  has  been  pushed  north  thirty  inches  during 
the  last  twenty-four  years  I  have  read  the  record  of  as 
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much  violence  as  has  been  customary  throughout  the 
earth’s  existence. 

The  geologist  will  tell  you  that  by  the  most  scrupu¬ 
lous  comparisons  of  the  tablets  of  stone,  taking  account 
of  tracks  and  shells  and  records  of  rain-storms  several 
hundreds  of  millions  of  years  ago — you  stop  him  and 
ask  about  the  rain-storm  joke.  It  is  not  a  joke.  Some 
rain-drops  in  ancient  eras  left  such  accurate  impres¬ 
sions  of  themselves  on  mud,  which  hardened  into  rock, 
that  now  we  can  know  from  what  direction  the  wind 
was  blowing,  and  how  large  and  frequent  the  drops 
were.  The  geologist  will  continue  to  tell,  if  you  do  not 
interrupt,  what  he  knows  about  the  varying  shape  and 
size  of  our  continent  during  the  last  half-billion  years. 
He  will  not  like  to  talk  in  years ;  he  says  he  knows  only 
^Hime  periods.”  But  wdien  he  tabulates  these  periods 
to  show  their  proportionate  lengths,  and  estimates  for 
us  the  minimum  total  of  the  periods,  he  has  to  allow  us 
to  see  what  his  table  means  in  our  arithmetic.  If,  then, 
we  compare  the  maps  he  draws,  we  shall  form  con¬ 
clusions  like  this :  ‘‘About  four  hundred  million  years 
ago  North  America  looked  like  a  combination  of  Aus¬ 
tralia  and  Greenland.  Tw^enty  million  years  later  it 
looked  almost  familiar,  with  an  Alaska  attached  in  the 
right  place  and  a  Gulf  of  California  w^here  it  belonged. 
Then,  some  twenty  million  years  later  still.  North 
America  was  all  chewed  to  pieces,  for  Puget  Sound  w^as 
two  thousand  miles  long,  and  the  Gulf  of  Mexico  was  a 
thousand  miles  too  far  north.” 
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When  I  take  stock  of  all  the  ingennity  and  patience 
and  stern  honesty  that  went  to  the  making  of  such 
maps  of  the  past  (yon  may  see  dozens  of  them  in  Gra- 
bau’s  Textbooh),  I  am  tilled  with  admiration  for 
geology.  When  I  realize  that  they  are  authentic  chap¬ 
ters  of  a  mighty  history,  I  feel  reverence.  Geology  has 
shown  ns  the  folly  of  which  the  human  reason  is  cap¬ 
able.  It  has  sho^vn  ns  what  reason  may  achieve  if  it 
will  trust  its  eyes. 


Ill 

THE  WEATHER 
Whirlpools  of  Sun  and  Earth 

If  I  were  a  barnacle  attached  to  a  rock  on  the  sea- 
coast,  I  should  suppose  that  my  swirling  habitat  was 
utterly  irregular.  Of  course  I  could  recognize  certain 
periods  when  deep  water  was  over  me  and  other 
periods  when  I  was  exposed  to  air,  but  even  these  tide 
levels  would  be  deranged  by  storm  waves  and  calms. 

We  human  beings  live  at  the  edge  of  an  ocean  of 
air  that  perpetually  smrls  with  the  most  complete 
irregularity.  Its  daily  freaks  of  temperature  and  mois¬ 
ture  we  call  ‘^weather.’’  I  will  first  describe  this  ocean 
of  air  in  which  we  breathe,  then  its  cyclonic  disturb¬ 
ances,  next  its  more  violent  and  local  storms,  and 
finally  its  average  regularity  which  we  call  climate. 

i.  The  Air 

Any  child  knows  that  he  lives  in  a  sea  of  gas,  but 
even  a  seasoned  climatologist  can  hardly  realize  the 
gross  density  of  what  we  never  see  and  what  we  call 
‘‘light  as  air.’’  Suppose  that  the  room  in  which  you 
sit  is  sixteen  feet  square  and  nine  feet  high ;  the  air  in 
it  weighs  nearly  two  hundred  pounds.  If  the  air- 
pressure  within  your  body  were  removed,  the  pressure 
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of  all  the  miles  of  air  above  it — more  than  a  ton  to  the 
square  foot — would  crush  you  in  a  moment.  When  the 
pilot  of  an  airplane  feels  the  atmosphere  with  his  broad 
wings  he  knows  that  it  is  substantial.  For  him  there 
is  no  figure  of  speech  in  saying  that  we  live  in  an  ocean. 

The  bottom  of  this  ocean  is  a  mixture  of  several 
gases.  About  seventy-seven  per  cent,  is  nitrogen,  the 
most  inert  and  unsociable  of  elements ;  twenty-one  per 
cent,  is  oxygen;  about  one  per  cent,  is  water-vapor. 
These  and  three  other  gases  form  the  medley  which  we 
call  air;  they  are  merely  mixed,  not  in  any  chemical 
combination. 

If  a  balloon  is  released  at  the  bottom  of  this  mix¬ 
ture,  its  buoyancy  decreases  with  every  mile  it  rises, 
because  the  density  of  the  air  decreases  with  the  alti¬ 
tude.  At  a  height  of  three  miles  the  density  is  only 
half  as  great  as  at  the  surface  of  the  earth,  at  twelve 
miles  only  one-tenth  as  great,  and  at  twenty-four  miles 
only  one  four-hundredth  as  great.  At  a  height  of 
sixty-six  miles'  the  air  is  twelve  thousand  times  rarer 
than  the  atmosphere  we  breathe.  And  its  components 
are  very  different:  ninety-eight  per  cent,  of  it  is 
hydrogen^ 

Yet  it  has  by  no  means  disappeared.  Even  this 
rarefied  hydrogen  produces  sufficient  friction  on  a 
small  meteor  to  fuse  and  dissipate  it  almost  instantly. 
So  gradually  does  the  air  thin  out  that  evidence  of  it 
can  be  found  at  a  height  of  two  hundred  miles. 

Until  1900  the  temperature  of  our  ocean  of  air  was 
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supposed  to  decrease  in  the  same  gradual  way,  and  this 
is  the  fact  through  six  or  seven  miles  of  ascent ;  it  drops 
quite  regularly  at  the  rate  of  eighteen  degrees  Fahren¬ 
heit  for  each  mile.  But  when  sounding  balloons  are 
sent  above  a  height  of  seven  miles,  they  reveal  no 
further  decrease  in  heat.  There  is  a  wide  stratum  of 

t 

air  in  which  the  temperature  is  almost  constant  at 
about  seventy  below  zero.  All  storms  occur  below  this 
stratum.  Above  it  the  temperature  must  decrease  at 
an  average  of  several  degrees  to  the  mile,  until  at  the 
limits  of  the  atmosphere  it  is  reduced  to  the  absolute 
cold  of  stellar  space,  four  hundred  fifty-nine  degrees 
below  zero. 

It  is  wholesome  for  proud  man  to  look  upward  on  a 
bright  day  at  some  pretty  cirrus  cloud,  to  consider  that 
it  is  composed  of  ice  spicules,  that  it  floats  in  arctic 
cold,  and  that  it  signalizes  to  us  what  creatures  of  a 
hot-house  we  are.  If  the  roof  of  air  were  removed, 
we  should  all  be  frozen  to  death  in  a  moment. '  Just 
above  the  roof  is  deadly  cold,  and  just  below  the  crust 
of  earth  is  deadly  heat.  Only  within  the  thin  shell  that 
separates  these  two  regions  can  the  human  race  strut 
about  and  congratulate  itself  on  its  great  powers. 

But  such  moralizings  must  not  delay  us  if  we  are  to 
understand  weather  in  one  brief  sketch.  There  is  time 
for  no  more  than  a  glance  at  the  results  of  a  few  of 
the  prolonged  labors  in  the  physics  of  the  air.  We  can 
select  only  those  two  matters  that  are  the  most  obvious 
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agents  in  producing  storms,  the  dust  and  the  water- 
vapor. 

Fine  particles  of  earth  are  constantly  being  whipped 
up  high  into  the  air  hy  winds  and  carried  great  dis¬ 
tances — for  example,  from  the  Sahara  westward  over 
the  Atlantic  and  then  northeast  to  Scandinavia  in  two 
days.  Volcanic  ash  from  the  East  Indies  has  been 
spread  visibly  all  round  the  globe  and  has  been  so  fine 
and  been  carried  so  high  that  it  was  two  or  three  years 
in  settling  to  the  level  that  is  disturbed  by  storms. 
Every  day  millions  of  tiny  meteors  encounter  our 
atmosphere  and  are  dissipated  in  it,  contributing  their 
quota  of  mineral  matter.  The  particles  may  not  be 
large,  like  the  motes  that  we  see  in  a  beam  of  light; 
they  may  be  quite  invisible,  even  too  small  to  be  seen 
through  a  microscope.  The  particles  in  smoke — mil¬ 
lions  of  them  in  each  little  wisp  from  a  cigar-— all  count 
as  ‘‘dust.’^  In  every  cubic  inch  of  air,  even  pure  air 
outdoors  on  a  fair  day,  there  may  be  a  hundred  thous¬ 
and  of  these  infinitesimal  bits. 

They  are  large  enough  to  deflect  light  rays,  and  thus 
their  total  effect  is  to  make  the  air  bright.  If  the  air 
were  entirely  devoid  of  them,  it  would  appear  as  black 
space.  The  clock  on  your  mantel  would  stand  out  of 
the  darkness  like  an  illuminated  dial  in  a  cellar. 

In  a  somewhat  comparable  way  the  bits  of  dust 
make  it  possible  for  water-vapor  in  the  air  to  condense 
into  water.  That  they  are  necessary  for  the  formation 
of  rain  is  proved  by  a  pretty  laboratory  experiment. 


56 


EXPLORING  THE  UNIVERSE 


If  some  damp  air  in  a  container  is  cRilled,  droplets  of 
water  form  -  the  container  becomes  cloudy.  But  if  all 
dust  particles  are  filtered  from  the  air,  no  cloud  forms ; 
for  there  are  no  centers  about  which  the  condensation 
can  take  place.  No  condensation  can  be  produced 
unless  the  experimenter  uses  a  pressure  that  is  very 
unlikely  ever  to  occur  in  the  atmosphere.  But  let  him 
blow  some  smoke  into  the  container;  at  once  there  is 
condensation,  and  the  cloud  reappears.  Hence  the 
meteorologist  supposes  that  every  microscopic  droplet 
in  a  cloud  or  fog  is  formed  about  some  dusty  nucleus. 

The  study  of  the  ways  of  water  in  the  air  is  all- 
important  for  learning  about  weather.  It  is  water- 
vapor  which  forms  our  blanket  against  the  cold  of  outer 
space  and  furnishes  us  food  and  makes  our  weather. 
Though  it  forms  only  about  one  per  cent,  of  the  atmos¬ 
phere,  its  total  amount  is  prodigious.  This  can  be 
shown  by  a  calculation  of  the  average  work  done,  over 
every  acre  of  land  in  the  United  States,  to  lift  water 
into  the  upper  air.  It  is  equivalent  to  the  operation  of 
a  three-horsepower  engine  every  minute  of  the  day  and 
night. 

2,  The  Great  Currents  of  Air 

The  primary  cause  of  all  the  changes  that  we  call 
weather  is  variation  in  the  distribution  of  heat.  Any 
fireplace  will  illustrate  distribution.  The  fire  warms 
the  air  and  expands  it,  thus  making  it  lighter.  The 
surrounding  air,  which  is  colder  and  heavier,  presses 
upon  the  warm  air  and  squeezes  it  up  the  chimney. 
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There  is  a  draft  of  ascending  warm  air,  and  cold  air 
flows  in  along  the  floor  to  take  its  place.  If  the  Are 
were  hot  enough  and  if  its  effect  could  be  confined  to 
the  space  directly  over  the  chimney  and  extending  up¬ 
ward  a  few  miles,  this  column  of  air  would  be  measur¬ 
ably  lighter  than  the  surrounding  air.  It  would  not 
support  mercury  so  high  in  a  tube ;  therefore  a  barom¬ 
eter  would  stand  lower.  The  column  of  warm  air  would 
form  an  area  of  low  pressure — a  ‘How.’’ 

Of  course  such  a  special  and  simplified  case  is 
very  different  from  any  condition  of  the  atmosphere 
that  the  weather  man  actually  measures.  But  the  prin¬ 
ciple  applies  to  all  his  study  of  the  formation  and 
movements  of  winds  and  storms.  He  is  studying  cur¬ 
rents  which  are  produced  by  unevenly  distributed  heat. 

The  most  obvious  example  in  nature  is  a  sea-breeze. 
During  a  summer  day  the  air  over  the  land  becomes 
warmer  and  lighter  than  the  air  over  the  ocean.  It 
rises.  Cool  air  pours  in  from  the  ocean  to  take  its 
place.  At  night,  when  the  air  over  the  land  becomes 
cooler,  it  falls  and  can  be  felt  running  in  currents  out 
of  the  valleys  to  the  shore.  Thus  air  is  perpetually 
flowing  toward  warmer  areas  and  from  colder  ones; 
there  is  circulation  to  equalize  temperature. 

If  the  areas  are  very  large  (such  as  the  continent  of 
Asia  and  the  Indian  Ocean)  and  the  periods  of  tem¬ 
perature  long  (as  summer  and  winter),  the  land-and- 
sea  breezes  may  develop  into  strong  winds  blowing 
steadily  in  one  direction  for  months — toward  the 
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heated  continent  in  summer  and  away  from  the  chilled 
continent  in  winter.  These  are  called  monsoons.’’ 
In  the  United  States  during  summer  there  is  a  pre¬ 
vailing  wind  that  somewhat  resembles  a  monsoon — the 
southwest  breeze  which  blows  from  the  Gulf  of  Mexico. 

All  types  of  wind,  from  fireplace  draft  to  Indian 
monsoon,  are  caused  by  the  one  simple  fact  that  cool 
air  forces  warm  air  to  rise  and  then  flows  along  the 
earth  to  take  its  place.  And  indeed  every  wind  that 
blows  is  caused  by  that  fact.  But  the  great  majority 
of  winds  in  the  United  States  are  produced  by  compli¬ 
cations  of  the  principle.  These  can  not  be  explained 
by  any  story-telling  art,  but  the  following  three  para¬ 
graphs  will  outline  them  without  producing  much 
mental  fatigue. 

a.  The  air  at  the  equator  is  constantly  being  heated, 
rising,  and  flowing  toward  the  poles.  If  the  earth  were 
not  rotating  and  if  its  surface  were  all  covered  with 
either  land  or  water,  the  currents  of  air  caused  by 
tropical  temperature  would  be  uniform — namely,  a 
flow  of  warm  air  upward  at  the  equator,  a  spreading 
toward  the  poles  at  a  height  of  several  miles,  and  a 
return  current  of  cooler  air  along  the  surface  of  the 
earth  toward  the  equator.  The  adjustment  would  be 
as  simple  as  the  draft  in  a  furnace.  But  the  rotation 
of  the  earth  causes  an  alteration  of  the  drift  of  air ;  in 
a  deviously  indirect  way  it  causes  most  of  the  warm 
air  to  descend  near  latitude  thirty  degrees;  the  cur¬ 
rents  are  distorted  by  the  powerful  influences  of  oceans 
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and  continents  and  mountain  chains.  No  mathema¬ 
tician  can  reckon  the  interactions  of  three  such  func¬ 
tions,  but  the  general  nature  of  the  results  is  known 
by  observation. 

h.  The  descending  air  at  latitude  thirty  degrees 
(the  latitude  of  New  Orleans)  forms  a  constant,  though 
highly  irregular,  region  of  high  pressure;  and  from 
here  to  the  equator  there  is  an  area  of  relatively  stable 
weather  conditions.  Also  from  latitude  seventy  de¬ 
grees  to  the  north  pole  there  is  an  area  of  stable  con¬ 
ditions.  But  between  these  two  areas,  in  the  belt  where 
the  United  States  and  Canada  lie,  is  the  world’s  great 
storm  factory.  Here  the  ocean  of  air  swirls  in  great 
vortexes  of  ^How  pressure”  which  are  always  com¬ 
pelled  by  the  earth’s  rotation  to  whirl  in  a  direction 
contrary  to  the  hands  of  a  clock  and  always  to  advance 
in  an  easterly  course. 

c.  If  you  wish  to  know  ‘‘why”  the  vortexes  of  air 
are  irregular  in  size  and  velocity,  go  to  your  bath-tub 
for  an  answer.  Fill  it  with  water,  pull  the  plunger, 
watch  the  water  whirl  down  through  the  opening.  Why 
does  the  whirl  sometimes  form  to  the  right  and  some¬ 
times  to  the  left  of  the  opening!  Why  does  its  funnel- 
shaped  contour  gyrate  so  unpredictably!  Why  are  no 
two  funnels  ever  alike!  You  may  study  them  for  days 
and  may  learn  the  types  of  them ;  but  you  never  know 
what  is  going  to  happen  when  you  pull  the  stopper.  All 
the  meteorologist  knows  about  a  “low”  is  this :  when  a 
stratum  of  warmer  air  is  formed  under  a  stratum  of 
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cooler  air,  the  pressure  is  not  equalized  by  a  uniform 
seeping  up  and  down;  the  adjustment  is  effected  by  a 
^‘breaking  through’’  at  some  one  place;  up  goes  a 
column  of  air,  and  from  all  sides  there  is  a  rush  of  air 
to  take  its  place;  this  breaking-through  funnel  takes 
an  easterly  course,  and  at  every  stage  of  its  going  the 
surrounding  air  pours  inward  and  upward.  The  result 
is  a  great  ‘^cyclonic  storm.”  If  the  process  is  reversed 
' — that  is,  if  a  heavier  stratum  of  air  pours  down  into  a 
lighter  one — the  result  is  a  corresponding  anti¬ 
cyclone,”  an  area  of  high  pressure  which  moves  to  the 
east,  producing  clean,  cool  weather. 

These  ‘Hiighs”  and  ‘Hows”  are  the  pets  of  the  vet¬ 
eran  Weather  Bureau  man.  In  my  home  town  he  is 
Leonard  M,  Tarr,  who  has  lived  familiarly  with  them 
for  forty  years.  He  knows  them  not  merely  as  abstrac¬ 
tions  of  physics  but  as  individuals,  all  formed  on  one 
pattern  but  each  with  its  personal  traits.  He  knows 
of  the  unfathomable  intricacies  that  must  be  all 
smoothed  out  of  any  description  for  popular  consump¬ 
tion:  how  a  cyclone’s  up-rushing  air  is  made  to  rush 
faster  by  the  liberation  of  heat  as  water-vapor  con¬ 
denses,  how  currents  spiral  and  cascade  and  collide. 

This  vast  helter-skelter  of  climbing  and  tumbling 
air  has  two  sets  of  motions.  In  the  first  place,  it  moves 
bodily  eastward.  The  course  of  a  cyclone  may  curve 
far  southward  and  back,  or  be  straight  from  the  south¬ 
west,  or  come  almost  due  north  along  the  Atlantic 
coast;  but  cyclones  in  our  zone  of  climate  never  have 
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a  westerly  direction.  (Tropical  hurricanes  south  of 
latitude  thirty  degrees  are  another  matter.)  The  rate 
of  travel  may  be  as  fast  as  forty  miles  an  hour,  or  may 
be  as  slow  as  ten  miles  an  hour;  a  cyclone  may  be 
stopped  in  its  tracks  for  a  day.  The  whole  vast  area  of 
disturbance,  which  may  have  a  diameter  of  more  than 
a  thousand  miles  and  may  cover  a  third  of  the  country, 
is  just  an  impalpable,  stealthy  influence. 

All  that  I  feel  is  its  second  set  of  motions— the  in¬ 
blowing  and  up-Avhirling  currents  of  air.  I  have  just 
been  experiencing  a  cyclone  in  the  middle  of  January. 
For  three  days  a  low  has  been  slowly  advancing  from 
the  southwest ;  on  the  face  toward  us  it  has  been  draw¬ 
ing  in  a  current  of  warm,  moist  air  from  the  south 
Atlantic;  we  have  had  high  temperature  and  sloppy 
weather.  But  last  night,  as  the  cyclone  center  passed 
beyond  us,  the  incoming  air  was  being  sucked  from  a 
more  and  more  westerly  direction.  Within  a  few  hours 
it  was  coming  from  the  south,  in  a  few  hours  more  from 
the  southwest,  then  from  the  west,  and  by  ten  o’clock 
this  morning  it  is  from  the  northwest.  The  sky  has 
cleared,  and  the  temperature  is  dropping  rapidly. 
These  veering  winds,  with  their  warmth  and  cold,  blow 
from  all  quarters  and  produce  sharp  contrasts  of 
weather.  They  are  only  the  varying  effects  produced 
in  each  locality  by  the  steady  march  of  the  whole 
cyclone. 

Every  forenoon  Mr.  Tarr  sees  the  cyclones  grow  on 
a  map  in  his  office.  They  are  the  plottings  of  reports 
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from  hundreds  of  stations  all  over  the  country,  sent 
each  morning  to  central  stations.  When  lines  are 
drawn  connecting  the  places  that  report  the  same 
heights  of  the  barometer  at  eight  o’clock,  some  of  the 
lines  are  found  to  be  concentric,  in  very  large,  irregu¬ 
lar  ellipses,  around  one  or  more  points.  If  the  succes¬ 
sive  lines,  as  they  are  followed  inward  toward  a  center 
in  Montana,  show  a  decreasing  height  of  the  barometer, 
the  area  is  low.  It  is  going  to  move  eastward,  probably 
somewhat  south  of  east,  and  will  produce  stormy 
weather.  Next  morning  it  will  be - 

It  is  Mr.  Tarr’s  business  to  tell  us  that.  To  him 
this  daily  map  of  isobars  is  a  motion-picture  of  the 
doings  of  the  powers  of  the  air ;  in  it  he  watches  their 
gatherings  and  conflicts  and  trends.  He  has  a  skill 
like  a  physician’s,  gained  by  a  long  and  intimate  famil¬ 
iarity  with  cyclonic  movements,  to  diagnose  the  ever* 
varying  combinations  and  sense  what  will  probably  be 
the  outcome.  The  profoundest  scholar  in  aero-physics 
might  be  helpless  before  the  shifting  maze,  but  Mr. 
Tarr  replies  to  anxious  inquirers  on  the  telephone, 
^^We’re  going  to  have  a  little  snow.. .  .No,  not  above 
freezing.. .  .Yes,  go  right  ahead  with  your  cutting; 
you’ll  be  safe.” 

I  quote  one  illustration  of  the  sort  of  practical 
knowledge  that  has  been  gained  in  the  decades  of  mak¬ 
ing  weather  maps;  it  is  given  by  Doctor  Moore,  a  former 
chief  of  the  Weather  Bureau.  “One  should  watch 
especially  for  a  crescent-shaped  low,  with  one  horn 
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Colorado.  This  will  appear  to  be  an  innocent  affair, 
but  when  it  appears  on  the  morning  map  a  high  of 
marked  intensity  invariably  will  develop  with  great 
suddenness  over  Montana  and  North  Dakota  and  bring 
a  cold  wave  to  the  Middle  Mississippi  Valley  before 
the  next  morning.  ’  ’ 

By  using  such  lore  as  that,  gathered  in  half  a  cen¬ 
tury  of  the  Weather  Bureau’s  studies,  the  canny  fore¬ 
casters  inform  us  what  to  expect  for  the  coming  day 
or  two.  They  are  not  always  right — ask  any  news¬ 
paper  jokester.  There  is  always  the  possibility,  especi¬ 
ally  when  the  areas  on  the  map  are  ill-defined,  that 
some  predicted  storm  will  slide  harmlessly  to  the  north 
of  us  or  be  delayed  a  couple  of  days.  But  the  marked 
changes  of  weather,  those  that  do  most  of  the  damage, 
are  sure  to  be  advertised.  Inquire  of  any  one  who  has 
business  at  stake — the  men  who  operate  coastwise  ves¬ 
sels  or  department  stores,  the  shippers  of  produce,  the 
directors  of  snow-cleaning  gangs  in  cities.  The  total 
of  saving  by  heeding  Weather  Bureau  warnings  is 
beyond  estimating.  Ninety  per  cent,  of  the  forecasts 
are  now  substantially  correct. 

No  forecast  is  influenced  by  the  phases  of  the  moon. 
Do  you  wonder  that  I  waste  a  sentence  to  say  this  ?  Mr. 
Tarr  will  tell  you  that  no  inquiry  comes  to  him  so  fre¬ 
quently  as  the  one  about  the  effect  of  the  moon,  that  all 
manner  of  intelligent  people  still  suppose  that  Luna 
causes  rain  and  sunshine.  Almost  daily  he  has  to  give 
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assurance  that  there  is  no  connection  whatever  between 
the  moon,  and  the  weather.  The  only  known  cause  of 
weather  is  the  variations  of  the  distribution  of  the 
sun’s  heat  in  the  atmosphere. 

5.  Thunder-storms  and  Tornadoes 

When  some  hot  afternoon  you  watch  a  stately 
thunder-cap  pile  up  on  the  northern  horizon  you  are 
impressed  by  its  calm  dignity.  But  in  reality  it  is  the 
scene  of  most  violent  happenings.  It  has  been  caused 
by  the  rapid  heating  of  the  air  next  the  earth,  which  at 
some  place  has  broken  through  into  the  cold  stratum 
above  and  is  pouring  upward.  The  condensing  of  its 
water-vapor  forms  the  white  masses  of  cloud  which 
swell  and  tower  and  mushroom  out  with  such  spectacu¬ 
lar  beauty.  Through  its  central  portion  the  ascending 
stream  may  attain  a  speed  of  two  thousand  feet  or 
more  a  minute.  The  mathematicians  were  assured  of 
this  long  ago,  but  now  the  airmen  know  it  experimen¬ 
tally.  A  major  sport  among  some  of  the  reckless  ones 
is  to  break  up  a  small  cloud  by  flying  into  it  repeatedly 
‘^at  tremendous  speed,  banking,  reentering,  and  repeat¬ 
ing  the  process  a  score  of  times.”  Even  the  hardened 
pilots  admit  that  a  small  cloud  is  ^^exceedingly  turbu¬ 
lent.  ’  ’  There  is  a  record  of  a  balloonist  who  was  once 
caught  up  into  a  thunder-storm  and  ‘  ^  spun  around  in  a 
circle  with  frightful  rapidity.”  The  air  was  so  cold 
that  his  clothes  were  soon  covered  with  ice 

If  the  conditions  of  temperature  and  humidity  are 
on  a  large  enough  scale,  the  decorative  pile  of  cloud 


THE  WEATHER 


65 


develops  into  a  black  and  boisterous  monster  which 
goes  roaring  across  country  as  a  thunder-storm.  It 
feeds  itself  on  a  current  of  warm  and  humid  air  that 
lies  before  it,  thus  forming  the  breeze  which  we  feel 
blowing  toward  it  as  it  approaches  us.  We  say  that 
the  storm  ‘‘comes  up  against  the  wind,’’  but  in  truth 
the  storm  creates  the  wind. 

Into  its  great  mouth  it  draws  the  warm  food,  sucks 
it  upward  and  backward  in  a  spiral  course,  and  con¬ 
denses  the  water-vapor.  The  return  current  of  cool 
air  is  parallel  with  the  incoming  current  and  close  be¬ 
hind  it.  This  is  why  we  feel  the  breeze  die  away 
shortly  before  the  storm  arrives  and  then  blow  strongly 
toward  us  a  little  later. 

The  big  drops  of  rain  that  come  pelting  down  have 
been  through  experiences  which  science  would  like  to 
know  more  about.  They  have,  for  one  thing,  been  pres¬ 
ent  at  the  birth  of  lightning.  When  any  large  rain¬ 
drop  that  is  falling  meets  a  swift  up-current  of  air  and 
is  broken  in  two,  electricity  is  generated.  The  larger 
portion  is  positively  charged,  the  smaller  one  nega¬ 
tively.  Hence  the  tendency  in  the  strong  up-draft  of 
the  storm  is  to  propel  the  lighter  and  negative  droplets 
upward,  to  allow  the  heavier  and  positive  drops  to 
descend,  as  rain.  A  very  great  difference  of  potential 
may  be  set  up  between  two  regions  of  cloud.  When 
this  tension  is  relieved  by  a  discharge  the  result  is 
lightning. 
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The  rain-drops  have  also  seen  the  conditions  in 
which  hail  is  formed.  They  know  what  it  is  to  be  car¬ 
ried  swiftly  up  to  the  cold  stratum  of  air,  allowed  to 
drop  far  down  into  warmth  and  moisture,  be  buffeted 
upward  again  to  the  cold,  and  so  on  many  times  before 
they  escape  to  earth.  Indeed,  the  ice-covered  balloon¬ 
ist  went  through  one  of  these  cycles :  ‘^His  balloon  was 
thrown  outward  into  the  clear  air.  It  began  to  descend 
rapidly,  and  he  expected  soon  to  be  on  the  firm  earth. 
But  when  near  the  base  of  the  cloud  he  was  again 
drawn  into  it  and  again  passed  through  the  terrible 
maelstrom  to  the  top  of  the  cloud.”  "When  a  frozen 
rain-drop  makes  such  a  descent  it  gathers  a  coating  of 
water,  'which  is  frozen  during  the  next  ascent ;  a  second 
descent  gives  it  a  second  coat  of  ice;  and  so  it  may 
add  many  coats  if  the  up-draft  is  sufficiently  strong  to 
use  a  globe  of  ice  as  a  shuttlecock.  When  it  becomes 
too  heavy  for  the  draft  it  falls  to  earth  as  a  hailstone, 
which  shows  its  concentric  layers  if  it  is  dissected. 
There  are  reliable  records  of  hailstones  four  inches  in 
diameter. 

The  turbulence  of  a  thunder-storm  is  slight  com¬ 
pared  with  the  fury  of  a  tornado.  The  nature  of  this 
spinning  funnel  of  destruction  can  be  visualized  if  we 
think  of  it  as  a  condensed  cyclone.  Suppose  that  the 
mild,  wide-spread  action  of  a  low-pressure  area  is  con¬ 
centrated  at  a  center  a  few  hundred  feet  wide  and  its 
mild  incoming  wdiirl  is  intensified  to  a  gyration  of  sev¬ 
eral  hundred  miles  a  minute.  It  will  form  the  twisting 
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spout  that  we  know  as  a  tornado,  whose  course  is 
always  easterly  and  whose  advance  over  the  plains  is 
not  faster  than  twenty  or  thirty  miles  an  hour,  but 
whose  fierce  suction  can  ram  a  stick  of  lumber  through 
a  half-inch  plate  of  steel. 

4,  Long-Range  Forecasting 

Tornadoes  and  thunder-storms  are  so  local  and 
erratic  that  no  meteorologist  has  any  hope  of  learning 
how  to  forecast  them.  He  foretells  only  the  movements 
of  the  larger  cyclonic  areas  after  they  have  formed, 
have  been  reported,  and  have  been  mapped.  Does  he 
look  forward  to  a  time  when  he  can  predict  these  move¬ 
ments  much  farther  in  advance  ? 

Evidence  that  changes  in  weather  are  directly  de¬ 
pendent  upon  the  daily  variations  of  the  sun’s  heat  is 
now  being  sought  by  a  band  of  men  who  work  under 
the  auspices  of  the  Smithsonian  Institution,  headed  by 
C.  G.  Abbot  and  H.  H.  Clayton.  They  are  confident 
that  they  are  accomplishing  the  excessively  delicate 
task  of  measuring  the  daily  fluctuations  in  the  amount 
of  heat  radiated  to  us  by  the  sun,  and  that  the  weather 
conditions  on  the  earth  correspond  directly  to  these 
fluctuations;  they  think  they  have  already  had  some 
success  in  long-range  forecasting  on  the  basis  of  the 
changes  in  radiation.  Indeed  some  of  their  coworkers 
have  become  so  confident  as  to  prophesy,  on  the  basis 
of  observations  in  1925  and  1926,  that  the  year  1927 
will  be  extraordinarily  cold,  perhaps  as  cold  as  1816, 
the  famous  ‘‘year  without  a  summer.”  We  must 
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admire  the  boldness  of  such  a  prophecy.  If  it  proves 
false,  the  Smithsonian  weather  men  will  be  discredited 
in  popular  estimation.  If  it  comes  true,  the  Weather 
Bureau  will  be  considered  old-fashioned.  The  Weather 
Bureau,  thus  far,  remains  skeptical  and  works  by  its 
rules  of  thumb  for  its  knowledge  of  what  the  morrow 
is  to  bring  forth. 

The  greatest  hope  for  long-range  forecasting  lies 
in  a  study  of  sun-spots,  the  whirlpools  of  the  sun’s 
atmosphere.  When  these  are  larger  and  more  numer¬ 
ous  the  sun  sends  us  less  heat.  Now  it  is  known  that 
the  spots  occur  in  an  eleven-year  cycle,  and  it  is  sup¬ 
posed  that  our  heat  and  moisture  somehow  vary  in  a 
corresponding  way.  But  the  records  of  the  Weather 
Bureau,  which  cover  more  than  four  previous  cycles, 
do  not  show  any  regularity,  any  corresponding  simi¬ 
lar  periods  within  the  cycles ;  no  way  has  been  found 
of  prophesying  the  course  of  the  weather  in  the  present 
eleven  years  by  examining  the  charts  of  the  previous 
eleven-year  periods.  There  is  not,  as  yet,  any  knowl¬ 
edge  of  any  sort  of  periodicity  in  weather.  If  weather 
is  affected  by  sun-spot  cycles,  the  process  must  be  indi¬ 
rect,  delayed,  complicated. 

However  widely  all  the  investigators  differ  in  their 
hopes  of  learning  to  forecast  weather,  they  are  united 
in  poking  fun  at  all  our  common  notions  of  predicting 
heat  or  moisture.  They  say  that  the  moon  has  no  con¬ 
ceivable  relation  to  weather.  They  assure  us,  with 
complete  unanimity,  that  no  human  wisdom  can  fore- 
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tell  any  average  of  weather  for  a  winter  or  a  summer. 
There  are  no  signs  by  which  man  can  divine  what  the 
skies  will  yield  during  the  coming  year.  No  animal 
has  any  instinct  by  virtue  of  which  its  hide  anticipates 
art  early  fall  or  its  migratory  instinct  senses  an  early 
spring — that  is,  before  the  fall  or  the  spring  begins. 
Not  even  the  rules  of  chance  apply  to  weather,  except 
as  a  matter  of  the  average  over  a  period  of  several 
years ;  for  a  wet  summer  may  be  followed  by  another 
wet  summer,  and  two  successive  wet  summers  may  be 
followed  by  a  third.  Nor  is  there  any  known  formula 
of  regular  episodes  of  weather  during  every  year. 
‘^Indian  summer”  is  a  beautiful  series  of  hazy  autumn 
days ;  everybody  knows  what  it  is  and  has  convictions 
about  the  time  when  it  occurs.  But  no  such  time  can 
be  found  in  the  records.  A  ‘^January  thaw”  is  some¬ 
thing  that  comes  when  it  pleases,  or  does  not  come,  or 
comes  ten  times;  the  Weather  Bureau  can  no  more 
certify  to  it  than  it  could  establish  an  ‘‘August  coolth.” 
All  faith  in  prognosticating  seasonal  weather  is,  ac¬ 
cording  to  meteorology,  mere  superstition. 

“Of  long-range  forecasts  it  must  be  said  that  the 
position  is  not  hopeful;  in  general  a  forecast  of  the 
weather  a  month  ahead  is  a  pure  guess.”  So  testifies 
Doctor  Dines,  President  of  the  Royal  Meteorological 
Society.  “Forecasting,”  he  adds,  “depends  upon  the 
rules  which  govern  the  motions  of  cyclones;  if  we 
could  discover  them,  improvements  in  forecasting 
should  follow.”  Recently  an  approach  to  those  rules 
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has  been  sought  by  observing  certain  correspondences 
in  weather  phenomena.  For  instance,  variations  in 
Indian  monsoons  appear  to  correspond  to  a  change  of 
pressure  areas  in  South  America;  a  great  high-pres¬ 
sure  area  in  Siberia  seems  to  be  related  to  low-pressure 
areas  in  the  United  States.  Such  influences  sound  un¬ 
canny,  and  knowledge  of  them  is  still  slight;  but  the 
correlations  are  too  close  to  be  accidental.  If  a  great 
deal  of  such  knowledge  can  be  systematized,  clues  to 
month-ahead  forecasting  may  be  discovered. 

There  are  hopes  of  a  much  more  ambitious  sort, 
based  on  electrical  forces.  A  few  years  ago  L.  Gentil 
Tippenhauer  addressed  to  his  American  confreres  a 
pamphlet  in  which  he  assured  them  that  ^‘my  new 
electromagnetic  theory  of  the  weather  has  destroyed 
the  old  meteorology.^’  He  feels  that  he  has  formulated 
‘  ^  the  law  which  will  permit  to  calculate  astronomically 
the  weather,  which  is  nothing  more  than  the  appear¬ 
ance  to  our  senses  of  an  electromagnetic  field  in  which 
we  live  and  which  is  the  thing-in-itself  of  Kant.  ’  ’  But 
no  one  has  yet  calculated  by  his  formula. 

Another  speculator  in  this  tempting  field  is  an 
ingenious  and  daring  economist  of  Columbia  Univer¬ 
sity,  Professor  H.  L.  Moore.  He  has  a  theory  that  our 
weather  runs  in  eight-year  cycles  so  far  as  moisture  is 
concerned,  that  these  cycles  are  caused  by  the  periodic 
interference  of  Venus  with  the  electrons  from  the  sun, 
and  that  the  effect  on  agriculture  is  the  cause  of  eight- 
year  cycles  of  business  depression.  He  cites  astrono- 
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mers  to  support  his  theory,  but  has  not  yet  convinced 
either  the  economists  or  the  meteorologists. 

Of  all  such  theories  about  forecasting  years  in  ad¬ 
vance  it  is  still  necessary  to  repeat  what  was  said  fif¬ 
teen  years  ago  by  Doctor  Abbe,  the  father  of  the 
Weather  Bureau:  These  matters,  while  curious  and 
interesting,  have  no  appreciable  bearing  on  the  cur¬ 
rent  important  questions  of  atmospheric  mechanics. 
There  seem  to  be  many  wide-spread  delusions  and  mis¬ 
takes  in  regard  to  these  problems,  analogous  to  the 
popular  errors  in  regard  to  astrology,  and  it  is  hardly 
necessary  to  do  more  than  allude  to  them.’’ 

5.  The  Constancy  of  Climate 

It  is  no  wonder  that  the  human  race,  accustomed  to 
the  utter  unpredictability  of  weather  for  a  month  or  a 
year,  should  assume  that  the  general  average  of 
weather  over  a  long  period  of  years  is  equally  unpre¬ 
dictable  and  that  it  wavers  as  the  decades  pass.  Most 
middle-aged  persons  believe  that  ‘^the  climate  has 
changed  since  I  was  a  child.”  All  of  us  look  back  to 
those  days  when  ‘‘we  always  drove  to  grandpa’s  in  a 
sleigh  for  Thanksgiving”  or  when  “winters  were  really 
snowy  ’  ’  or  when  ‘  ‘  spring  used  to  begin  in  April.  ”  Yet 
very  detailed  records  for  half  a  century  over  wide 
areas  of  our  country  completely  disprove  any  such 
belief.  Each  year  our  journalists  tell  us  once  more 
about  the  disproof;  each  year  elderly  people  repeat 
that  the  climate  has  changed.  If  you  appeal  to  the 
weather  men,  they  can  hardly  smile  at  your  ignorance ; 


72 


EXPLOEING  THE  UNIVERSE 


for  they  are  weary  of  it,  knowing  how  useless  the  right 
answer  is.  If  you  insist,  they  will  reel  it  off  once  more : 
‘^For  fifty  years  there  have  been  warm  winters  and 
cold  winters,  open  winters  and  snowy  winters ;  for  the 
next  fifty  years  there  will  be  the  same.  Our  Thanks¬ 
givings  and  Christmases  are  just  as  ‘old-fashioned’ 
now  as  they  used  to  be  and  as  they  ever  shall  be.  There 
is  no  evidence  whatever  that  the  climate  has  altered 
by  the  slightest  fraction  within  the  memory  of  persons 
now  living.”  Professor  P.  DeC.  Ward  of  Harvard  has 
testified :  ‘  ‘  The  climate  has  not  changed  from  the  time 
of  the  landing  of  the  Pilgrims  down  to  the  present 
day.”  But  you  doubt  this.  You  know  what  you  know. 

All  men  everywhere  through  all  time  have  been 
determined  to  discover  an  altered  climate.  We  are 
brought  up  to  believe  in  alterations  caused  by  the 
shifting  of  the  Gulf  Stream.  Meteorology  says  they 
are  a  fairy  story.  We  are  taught  that  the  planting  of 
trees  over  a  wide  area  or  the  reclamation  of  large  tracts 
by  irrigation  will  alter  the  climate.-  Meteorology  em¬ 
phatically  says  no.  I  used  to  hear  in  California  that 
the  Gringos  had  spoiled  the  climate  by  building  rail¬ 
roads  on  which  some  of  the  cursed  Eastern  thunder 
crept  in.  I  have  heard  of  a  dozen  causes  for  changes 
of  climate  in  half  a  dozen  regions  of  the  country.  Mete¬ 
orology  is  not  interested.  It  obdurately  insists  that 
climate  does  not  change. 

The  invariableness  of  climate  can  be  seen  graphi¬ 
cally  if  we  chart  some  one  element  for  one  place — say 
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temperature  in  New  York  City.  Suppose  that  every 
day  you  noted  the  temperature  every  four  hours  and 
called  the  average  of  these  six  observations  the  aver¬ 
age  temperature  for  the  day.  Suppose  that  the  aver¬ 
age  for  January  first  was  34°  and  that  you  recorded 
the  fact  by  putting  a  dot  on  a  sheet  of  cross-section 
paper.  Suppose  that  for  January  second  the  average 
temperature  was  29°  and  that  you  recorded  this  fact 
by  putting  a  dot  a  quarter  of  an  inch  to  the  right 
(showing  one  day’s  advance  in  time)  and  five-quarters 
of  an  inch  down  (showing  five  degrees  lower  tempera¬ 
ture).  A  line  drawn  to  connect  these  two  dots  will 
show  the  variation  in  temperature  for  two  days.  If 
you  proceed  in  this  way  through  the  month  of  January, 
placing  thirty-one  dots  and  connecting  them  by  a  con¬ 
tinuous  line,  you  will  have  a  sharply  jagged  chart,  run¬ 
ning  perhaps  from  10°  above  to  51°  above.  The  tem¬ 
perature  of  any  given  month  is  wanton  to  the  last 
degree.  One  of  the  January  days  may  be  higher  than 
a  certain  June  day  of  the  same  year. 

But  file  away  the  year’s  chart  and  make  another 
for  the  next  year.  Then  average  the  two.  Most  of  the 
erratic  jogs  will  be  much  reduced;  the  line  of  average 
temperature  will  be  much  less  jagged.  A  chart  of 
average  temperatures  for  ten  years  will  show  only 
slight  irregularities.  A  chart  for  forty  years  will  be 
a  smooth  curve  accurately  corresponding  to  the  num¬ 
ber  of  hours  of  daylight,  from  the  shortest  day  in  De¬ 
cember  up  to  the  longest  day  in  June.  But  the  coldest 
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time  of  year  does  not  coincide  with  the  shortest  days, 
for  there  is  a  momentum  of  temperature  to  be  over¬ 
come.  The  average  of  December  twenty-second  is  34° ; 
during  the  next  forty  days  the  temperature  gradually 
slides  downward  until  it  reaches  the  year’s  minimum 
of  30°  at  the  end  of  January,  and  then  begins  to  climb 
toward  the  maximum  of  75°  at  the  end  of  July.  It  does 
not  reach  34°  until  the  third  of  March.  What  propor¬ 
tion  of  us  ever  observed  that  the  average  temperature 
just  before  Christmas  is  the  same  as  the  average  tem¬ 
perature  just  before  Inauguration  Day!  We  observe 
nothing.  We  growl  because  the  weather  is  so  sloppy 
at  Christmas-time — ^not  like  the  good  old  winters  when 
we  were  young;  and  we  growl  because  March  is  so 
backward — unlike  the  honest  springs  of  our  childhood. 

Probably  ninety-nine  per  cent,  of  the  educated  peo¬ 
ple  in  the  United  States  have  a  rooted  conviction  that 
the  winters  are  growing  more  mild  or  more  severe  than 
they  used  to  be.  But  whenever  the  records  are  appealed 
to  the  average  weather  is  proved  to  be  almost  inva¬ 
riable  over  a  period  as  long  as  ten  years.  The  following 
example  of  an  appeal  to  the  records  is  typical  of  all 
appeals  that  can  be  made  to  the  facts.  Mr.  C.  J.  Root, 
of  the  Weather  Bureau  station  at  Springfield,  Illinois, 
once  prepared  for  the  Department  of  Agriculture  a 
tabulation  of  the  average  annual  snowfall  for  the  four 
decades  after  1884.  The  averages  were: 

20.3 - 19.6 - 21.9 - 20.3. 


The  first  and  the  fourth  decades  were  exactly  the 
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same;  between  them  came  the  lowest  and  the  highest 
averages,  differing  by  only  2.3  inches.  The  average 
snowfall  is  neither  increasing  nor  diminishing,  but 
remains  the  same  as  it  has  probably  been  for  centuries 
and  will  probably  continue  to  be  for  several  future  cen¬ 
turies. 

So  much  for  the  steadfastness  of  climate  during 
any  half-century.  The  question  of  alteration  during  a 
whole  century  is  slightly  more  debatable.  A  well  known 
explorer  of  the  upper  air,  H.  H.  Clayton,  has  an¬ 
nounced  in  the  newspapers  that  since  1778  our  average 
temperature  has  changed  two  degrees,  growing  that 
much  warmer  in  the  North  and  cooler  in  the  South. 
Yet  very  simple  arithmetic  could  properly  interpret 
the  figures  to  prove  no  alteration,  as  I  will  show  pres¬ 
ently.  The  Weather  Bureau  remains  unconvinced. 

Hence  the  natural  presumption  is  that  there  was 
no  measurable  change  of  climate  during  the  eighteenth 
century,  or  the  seventeenth.  All  the  references  that 
can  be  gathered  from  old  diaries  would  fit  perfectly 
with  what  we  experience  nowadays.  Prior  to  the  sev¬ 
enteenth  century  there  were  no  thermometers,  and.  so 
history  can  speak  of  weather  only  vaguely.  But  the 
likelihood  is  that  Columbus  and  Leif  Ericson  and  Hen- 
gist  lived  in  exactly  the  sort  of  climate  which  now 
obtains  in  their  native  lands. 

Still  there  may  possibly  have  been  changes  of  cli¬ 
mate  during  historic  times.  I  have  just  seen  the  fol¬ 
lowing  statement  by  a  Scientific  American  writer: 
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‘‘There  is  certainly  geographical  and  geological  evi¬ 
dence  to  show  that  during  the  fourteenth  and  fifteenth 
centuries  there  was  a  fatal  change  of  climate  in  Green¬ 
land/’  He  is  speaking  of  the  Norse  settlers  and  has 
described  how  communication  with  Norway  ceased  be¬ 
cause  the  fiords  of  the  west  coast  of  Greenland  became 
choked  with  ice.  The  evidence  to  which  he  refers  was 
obtained  by  the  labors  of  Professor  Ellsworth  Hunt¬ 
ington  and  others,  who  counted  the  growth-rings  of 
trees,  living  and  fossil,  in  many  parts  of  the  world.  It 
is  interesting  evidence  and  may  prove  valid  when  its 
bulk  increases,  but  at  present  it  is  slight  and  dubious. 
There  is  very  little  probability  that  the  Greenland  set¬ 
tlers  ever  passed  through  a  change  of  climate.  It  is 
likely  that  the  growing  of  vegetables  on  Davis  Strait 
has  been  just  the  same  problem  during  every  decade 
since  the  days  of  Eric  the  Red. 

Only  in  the  great  reaches  of  geologic  time  have  we 
certain  proof  of  alterations  in  climate.  When  our 
American  coal  was  being  made,  Greenland  was  a  warm 
place;  coral  flourished  on  its  shores.  By  the  close  of 
that  era  an  ice-sheet  had  covered  all  Greenland  and 
had  stretched  so  far  south  that  it  extended  to  the 
place  where  Boston  now  is.  In  the  next  era  New  Eng¬ 
land  warmed  up.  There  were  alternations  of  icy 
periods  and  temperate  periods.  Only  fifty  thousand 
years  ago,  at  a  time  when  man  had  become  an  imple¬ 
ment-maker,  all  the  northern  part  of  our  country  was 
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under  ice.  Our  climate  has  decidedly  improved  since 
then. 

The  causes  of  these  changes  of  climate  have  been 
the  subject  of  prolonged  investigation  and  speculation. 
One  elaborate  theory  was  based  on  the  variation  of  the 
amount  of  carbon  dioxide  in  the  air.  No  doubt  the 
varying  configurations  of  land  and  water  have  played 
their  parts.  The  most  simple  and  persuasive  explan¬ 
ation  yet  advanced  is  that  offered  by  Humphreys  in  his 
Physics  of  the  Air,  He  presents  a  table  of  the  excep¬ 
tionally  cold  years  since  1750  and  shows  that  in  most 
cases  (possibly  in  all)  the  low  temperature  followed  an 
unusual  volcanic  eruption.  In  1783  there  was  an  erup¬ 
tion  of  Asama  in  Japan,  ‘Hhe  most  frightful  on  rec¬ 
ord”;  the  three  following  years  were  very  cold  over 
the  whole  earth.  In  1812  came  the  eruption  of  Tom- 
boro,  ‘‘very  great,”  followed  by  four  cold  years;  the 
last  of  these,  1816,  has  passed  into  American  history 
as  “the  year  without  a  summer,”  the  most  peculiar  one 
in  the  annals  of  weather,  when  hardly  any  crops  ma¬ 
tured  north  of  the  Potomac  River. 

These  two  freakish  periods  came  within  the  half- 
century  which  Mr.  Clayton  contrasts  with  the  past  fifty 
years ;  they  were  sufficient  to  bring  down  the  average 
of  the  temperature  for  the  half-century  somewhat ;  but 
they  were  not  items  of  climate.  They  were  times'  of  a 
peculiar  and  temporary  condition. 

The  condition  was  that  the  atmosphere  over  the 
whole  earth  carried  an  excess  of  dust  particles — just 
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as  after  the  Krakatoa  eruption  of  1883  the  dust  was 
apparent  for  three  years  and  caused  peculiar  effects  in 
the  sky  over  Europe  and  America.  Dust  can  cause 
great  change  in  the  earth’s  temperature  because  it 
offers  more  impediment  to  the  heat-rays  coming  to  the 
earth  than  it  offers  to  the  longer  heat-rays  that  are 
reflected  from  the  earth.  Only  a  little  more  dust  than 
came  from  Krakatoa,  if  it  were  renewed  in  the  air  for 
a  term  of  years,  would  reduce  the  temperature  of  the 
globe  sufficiently  to  bring  an  ice-sheet  down  over  Can¬ 
ada.  ^^So,”  asks  Mr.  Humphreys,  ‘^why  may  it  not  be 
that  long-continued  volcanic  activity  at  different 
epochs  of  geologic  history  has  been  the  cause  of  alter¬ 
ations  in  climate?”  No  negative  answer  has  yet  been 
stated  convincingly. 

The  cause  of  climatic  change  is  only  conjectural. 
The  fact  that  there  have  been  changes  is  known  by  the 
indubitable  hieroglyphics  which  the  glaciers  traced. 
But  in  our  human  records  there  is  no  proof  of  change. 
Our  climate  has  been  as  constant  as  the  weather  has 
been  erratic. 


IV 

A  DROP  OF  WATER 
Exploring  Molecules  on  a  Magic  Carpet 

Any  one  who  joins  me  in  this  adventure  does  so  at 
his  peril.  Yon  are  warned  that  you  will  he  carried  far 
beyond  the  limits  of  exact  knowledge,  and  even  beyond 
what  the  mind  can  conceive.  If  you  have  a  nervous 
temperament,  you  should  on  no  account  attempt  this 
voyage  through  a  drop  of  water. 

Still  I  am  a  careful  pilot  and  shall  steer  to  plain 
facts  over  a  route  that  has  been  thoroughly  charted  by 
scientists.  My  trip  is  no  more  than  a  translation  of 
their  rigorous  books,  rendering  their  negative  expo¬ 
nents  into  human  language  and  adding  some  colors  to 
help  our  eyes. 

1.  Enlarging  the  Drop 

Before  us  hangs  the  object  that  we  are  to  explore. 
It  is  a  glittering  little  globe  of  the  most  common  sub¬ 
stance,  a  liquid  composed  of  oxygen  and  hydrogen. 
Its  diameter  is  an  eighth  of  an  inch.  The  chemist  tells 
us  about  this  drop  of  water  by  naming  infinitesimal 
distances,  like  one  one-hundred-millionth  of  an  inch. 
But  no  mind  can  visualize  such  distances  or  feel  the 
least  interest  in  them.  The  only  way  I  can  form  any 
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picture  of  the  chemist  world  is  to  enlarge  it,  and  to 
keep  enlarging  it,  until  it  finally  becomes  spacious 
enough  for  me  to  roam  about  and  see  things  as  they 
would  appear  if  they  were  brought  up  to  sizes  with 
which  I  am  familiar. 

So  I  have  found  pleasure  in  magnifying  water  until 
all  its  parts  are  large  and  plain.  This  I  do  by  suppos¬ 
ing  that  I  am  on  a  magic  carpet  which  first  takes  me  to 
a  view  of  the  drop  as  it  would  appear  if  increased  fifty 
times  in  size,  then  to  a  view  of  this  enlargement  when 
made  a  thousand  times  larger  still,  and  so  on  till  I  have 
sight  of  all  that  science  knows.  If  you  care  for  such  a 
plaything,  step  aboard.  Hold  fast  while  we  make  the 
first  stage  of  the  journey  beyond  our  eyesight. 

You  feel  a  tremor  for  a  moment,  then  a  rush  that 
makes  you  unconscious.  When  you  open  your  eyes 
again  the  drop  is  enlarged  fifty  times — to  a  diameter 
of  six  inches.  Of  course  such  a  change  in  size  is  insig¬ 
nificant  and  reveals  nothing ;  but,  oddly  enough,  we  are 
struck  by  the  sight.  Though  we  have  never  felt  any 
curiosity  about  a  drop  of  ordinary  size  that  hangs  from 
a  twig,  we  now  wonder  how^  a  six-inch  mass  of  water 
holds  itself  together  and  supports  itself.  We  note,  as 
if  through  a  new  pair  of  eyes,  that  the  drop  is  enlarged 
at  the  top  and  spread  out  in  a  clinging  surface.  It 
looks  as  if  it  had  a  strong,  elastic  skin. 

When  you  step  forward  to  get  a  closer  view,  you 
feel  again  the  queer  tremor,  as  if  some  force  were 
stretching  space  apart  and  its  dimensions  were  sweep- 
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ing  past  you.  The  sensation  is  more  severe  and  pro¬ 
longed  than  the  first  one.  The  six-inch  drop  of  water 
is  enlarged  one  thousand  times,  to  a  diameter  of  five 
hundred  and  twenty  feet,  and  we  are  poised  at  its  sur¬ 
face.  Its  rainbow  colors  have  disappeared,  and  it  bends 
above  us  as  a  huge  gray  mass,  chill  and  forbidding. 

What  curious  creatures  we  are  to  gape  and  shudder 
at  a  large  drop  of  water  when  we  have  never  given  a 
moment  ^s  thought  to  a  small  one.  Our  minds  are  true 
to  their  savage  nature — blind  to  everything  that  is 
usual,  excited  by  anything  that  is  novel.  Surely  this 
five-hundred-foot  sphere  is  no  more  remarkable,  essen¬ 
tially,  than  an  eighth-of-an-inch  drop.  The  force  which 
maintains  the  small  drop  is  quite  as  far  beyond  our 
knowledge  as  the  one  that  holds  this  large  globe  in 
shape. 

It  is  not  likely  that  we  shall  ever  understand  the 
power  which  piles  up  water  in  a  drop  on  a  dry  surface. 
All  we  can  ever  do  is  to  take  a  step  toward  the  reality, 
give  a  name  to  the  step,  and  thus  make  up  a  new  form¬ 
ula  for  pupils  to  rehearse  in  school.  The  more  steps  we 
take,  the  more  we  shall  see  before  us;  the  path  to 
knowledge  lengthens  as  the  cube  of  any  advance  we 
can  make  on  it. 

So  much  by  way  of  discouragement  in  this  enter¬ 
prise  of  enlarging  a  drop  of  water.  You  should  be 
warned  that  no  ultimate  facts  will  be  reached.  Thus 
far  the  drop  has  been  magnified  fifty  thousand  times, 
yet  we  see  nothing  new.  We  look  at  a  wall  of  water 
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that  remains  as  inscrutable  as  the  ocean  on  a  cloudy 
day. 

If  we  had  brought  along  a  microscope,  and  if  a  mole¬ 
cule  were  a  solid  body  that  could  be  placed  against  a 
contrasting  background,  I  could  at  this  stage  show  you 
the  molecules  of  water.  But  they  would  be  the  merest 
dim  specks,  meaningless  and  uninteresting.  Travelers 
toward  the  interior  of  a  drop  must  endure  another  en¬ 
largement  of  a  thousand  times  if  they  are  to  see  any¬ 
thing  whatever.  This  third  transformation  will  be 
more  severe  than  the  second  one.  Close  your  eyes  and 
relax. 

The  discomfort  you  feel  will  soon  pass  off.  Rest 
easily  for  a  few  minutes  and  adjust  yourself  slowly  to 
the  new  surroundings  while  I  give  a  warning  about 
what  you  are  to  see. 

Science  does  not  know  anything  about  the  ‘  Reel¬ 
ing  or  the  “look’’  of  any  part  of  a  molecule.  The 
“sights”  on  the  rest  of  our  journey  are  purely  fanci¬ 
ful.  But  they  correspond  in  every  particular  to  some 
realities,  and  they  are  far  less  bright  and  strange  than 
the  facts  would  be  if  they  could  in  any  way  become 
apparent  to  our  senses. 

The  drop  is  now  nearly  a  hundred  miles  in  diame¬ 
ter.  In  its  last  expansion  it  enclosed  us,  and  we  are 
now  about  ten  miles  within  the  surface.  The  flickering 
all  about  us  is  caused  by  the  motions  of  molecules. 
They  are  nearly  an  inch  in  diameter,  driving  this  way 
and  that  in  swarms,  bumping  and  recoiling,  forming 
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into  masses  and  dispersing,  darting  without  cessation. 

Put  out  your  hand  and  grab  one.  The  strange  sen¬ 
sation  is  not  due  to  your  nerves  being  unstrung,  for 
you  are  now  restored  to  a  normal  condition  and  are 
judging  everything  just  as  you  would  in  a  world  where 
dimensions  are  fifty  million  times  smaller.  You  can 
feel  a  molecule  enclosed  in  your  hand;  it  resists  your 
squeezing  as  if  it  were  a  piece  of  marble.  But  you  can 
see  nothing.  You  can  hardly  tell  whether  the  molecule 
weighs  anything.  The  object  in  your  hand  appears  to 
be  a  very  firm  bit  of  matter,  which  causes  a  stinging 
sensation  on  the  palm ;  otherwise  you  can  gain  no  con¬ 
ception  of  it. 

If  you  could  keep  your  hand  out  beyond  the  edge  of 
our  magic  carpet,  it  would  be  hammered  and  rasped 
by  the  molecules  in  their  continual  hurtling  against  one 
another.  If  they  were  farther  apart,  so  that  some  of 
them  drove  at  us  in  full  flight,  we  could  not  protect 
ourselves  from  them.  But  since  the  distances  between 
them  are  small  and  their  motions  are  continually 
checked,  it  is  possible  to  put  up  a  barrier  against  them. 

If  you  care  to  have  any  real  view  of  a  molecule,  you 
must  gd  through  another  thousand-times  enlargement 
of  the  drop.  Now  that  we  have  passed  the  third  stage 
beyond  the  world  of  our  senses,  the  transformation  will 
be  rather  easy. 

The  drop  has  become  a  hundred  thousand  miles  in 
diameter ;  the  molecules  are  more  than  forty  feet  in  di¬ 
ameter;  and  we  are  inside  one  of  them.  Without  the 
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use  of  a  special  equilibrator  we  could  not  survive  the 
violent  darting  and  stopping  of  the  molecule.  Even 
with  the  best  adjustment  of  this  device  we  feel  some 
discomfort  from  the  jerking  motions,  but  one  must  not 
expect  Pullman  springs  on  atomic  journeys. 

As  we  look  about  us,  swaying  in  the  midst  of  this 
forty-foot  molecule,  we  can  have  no  realization  of  how 
far  the  region  is  beyond  the  spaces  and  forces  from 
which  we  embarked.  Every  dimension  here  is  fifty 
billion  times  what  it  is  in  human  life.  All  measurement 
is  so  stretched  that  a  ten-foot  pole  would  reach  almost 
from  the  earth  to  the  sun.  And  still  we  are  not  able 
to  see  much  of  the  skeleton  of  a  molecule.  In  fact, 
unless  I  work  magic  for  you  and  shock  every  sober- 
minded  scientist,  you  will  see  nothing  whatever.  You 
will  find  yourself  in  a  void.  Strange  forces  will  be 
tugging  at  you  as  if  to  rend  an  unwelcome  visitor  apart 
or  crush  him,  but  your  eyes  will  peer  in  vain. 

Here  is  a  button  that  will  show  something.  To 
touch  it  would  be  profanation  for  a  physicist,  but  tour¬ 
ists  enjoy  the  effect. 

.Click.^ 

Around  us  flash  circles  of  light,  very  thin  lines  of 
exceeding  brilliance,  like  threads  of  lightning.  These 
sights  within  a  molecule  will  be  a  maze  of  mystery 
unless  we  see  a  sketch-map  of  the  surroundings  before 
examining  them  in  detail.  What  we  are  looking  at  is 
the  three  atoms  that  make  up  the  molecule  of  water. 
The  middle  one  of  the  three  is  an  atom  of  oxygen,  near 
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the  center  of  which  we  are  floating;  and  at  opposite 
sides  of  this  are  two  atoms  of  hydrogen  that  are  closely 
linked  to  it.  The  atoms  are  mostly  empty  space.  The 
brilliant  blnr  of  light  directly  overhead,  too  close  for 
comfort,  is  the  nucleus’^  at  the  center  of  the  oxygen 
atom;  and  the  set  of  six  circles  of  light,  twenty  feet 
from  us,  is  its  surface.  The  two  seven-foot  circles  of 
light  beyond  the  oxygen  atom,  and  on  either  side  of  it, 
are  the  boundaries  of  the  two  hydrogen  atoms. 

There  is  no  sound,  no  odor,  no  variation  in  the  daz¬ 
zling  loops.  However  erratic  may  be  the  motions  of 
the  whole  molecule  through  space,  within  it  there  is  no 
slightest  variation  of  the  absolute  fixity  of  the  glitter¬ 
ing  circles.  And  there  is  nothing  else  to  see  or  touch 
within  it. 

There  is  no  way  to  have  any  further  view  of  the 
structure  of  water  unless  we  enlarge  the  dimensions 
once  more  by  a  thousand  times.  The  one-eighth-inch 
drop  with  which  we  started  will  then  be  a  sphere  of  a 
greater  diameter  than  the  distance  from  the  earth  to 
the  sun. 

So — we  have  reached  the  limit  of  our  journey. 

2.  Exploring  the  Electrons 

If  you  feel  levity  at  such  prodigious  magnifying, 
you  will  never  have  an  inkling  of  what  modern  chem¬ 
istry  is.  If  you  have  any  suspicion  that  I  am  stretch¬ 
ing  the  hard  facts  now  known  to  students  of  the  atom, 
dismiss  it.  All  that  I  have  done  in  these  five  stages  of 
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enlargement  is  to  put  into  concrete  form  what  a  Bragg 
or  a  Lewis  means  when  he  sets  on  paper  the  harmless- 
looking  formula:  ‘‘Hence  the  radius  is  1.9  x  10'®  cms.’^ 
When  the  first  investigator  saw  an  exponent  —  8  as  the 
result  of  his  calculations,  he  was  more  incredulous  than 
you  can  be  about  my  trip  on  a  magic  carpet  into  Mole¬ 
cule  Land.  The  smallness  is  comically  beyond  our  com¬ 
prehension.  But  it  stands  as  a  fact.  A  hundred  emu¬ 
lous  specialists  have  yearned  to  gain  fame  by  proving 
it  erroneous,  yet  every  one  of  them  assures  us  of  its 
undoubted  truth.  If  we  wish  to  have  any  glimpse  at 
modern  knowledge  of  the  nature  of  water,  we  must 
accept  this  enlargement  of  a  drop  as  a  plain  and  literal 
voyage  to  the  facts. 

Our  molecule  of  water  is  now  eight  miles  in  diame¬ 
ter.  In  planning  to  arrive  at  this  great  size  I  was  not 
wanton.  Even  this  size,  as  you  will  shortly  see,  is  too 
small  to  reveal  one  of  the  elements  of  the  molecule, 
about  which  physics  has  some  accurate  information.  If 
you  now  feel  any  humor  or  skepticism,  you  may  take  a 
nap  until  the  party  is  ready  to  return  home. 

As  you  look  about  in  this  eight-mile  molecule,  you 
are  disappointed.  For  nothing  new  is  in  sight.  The 
thousand-times-larger  loops  are  seen  to  be  at  a  much 
greater  distance,  but  they  are  still  fine  lines.  Nothing 
else  has  come  into  view.  In  order  to  reveal  the  nature 
of  the  loops  I  must  use  another  device  of  non-scientific 
magic,  which  I  will  call  a  slow-motion  telescope.  When 
you  look  through  this  at  one  of  the  circles  of  light,  you 
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perceive  that  it  isi  formed  by  a  glowing  ball  which  re¬ 
volves  so  rapidly  that  its  circuit  appears  to  the  un¬ 
aided  eye  as  a  continuous  path  of  light. 

The  whirling  globes  are  named  ‘‘electrons.’’ 
Thanks  to  the  labors  of  mathematicians  who  have  never 
been  on  magic  carpets,  we  know  that  electrons  are,  in 
our  eight-mile  molecule^  only  eight  inches  in  diameter. 
Pardon  me  if  I  remind  you  what  this  means  in  the  place 
where  we  now  are:  here,  in  a  sphere  that  is  almost  a 
hundred  million  miles  in  diameter,  an  electron  is  only 
eight  inches  in  diameter.  Yet  modern  science  has  cal¬ 
culated  its  size  and  mass. 

If  we  ask  w^hat  it  is  made  of,  we  can  get  no  answer. 
Science  knows  only  that  it  is  a  center  of  electrical  force, 
and  calls  this  force  a  unit  of  negative  electricity.  So 
here,  at  the  uttermost  limit  of  fantastically  huge  en¬ 
largement,  we  come  upon  nothing  but  a  mystery  that  is 
still  remote  from  us,  hidden  far  within  another  reach 
of  endlessly  decreasing  dimensions.  We  can  see  noth¬ 
ing  whatever  of  the  interior  of  the  electron.  It  may 
contain  so  elaborate  a  mechanism  that  if  we  increased 
it  yet  another  billion  times  we  might  come  only  to  fur¬ 
ther  mysteries  at  its  core. 

As  a  relief  from  such  bewildering  speculation  about 
the  infinitesimal,  let  us  fly  through  the  miles  of  space 
to  one  of  the  hydrogen  atoms  at  the  border  of  the  mole¬ 
cule.  It  is  pleasant  to  feel  the  wide  roominess  of  a 
molecule  while  we  are  taking  this  four-mile  excursion 
to  its  surface.  The  atom  at  which  we  arrive  is  the 
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simplest  bind  that  occurs  in  nature,  for  it  has  only  one 
electron. 

The  electron  is  speeding  steadily  about  a  center 
which  is  more  than  a  mile  from  it,  at  a  rate  of — I  dare 
not  print  the  number  of  miles  per  second.  For  one 
reason,  the  number  would  take  up  too  much  space.  For 
another  reason,  it  is  so  huge  that  it  might  make  the 
rest  of  this  sober  narrative  sound  suspicious.  But  I 
must  report,  if  I  am  to  be  faithful  to  the  actual  scenery 
of  a  drop  of  water,  the  number  of  times  per  second 
that  the  electron  revolves — several  quadrillion.  Please 
realize  that  this  number  of  times  has  not  been  pro¬ 
duced  by  the  magnifying  of  dimensions.  The  number 
of  revolutions  that  an  electron  makes  every  second  is 
no  greater  in  our  vast  space  than  it  is  in  every  actual 
atom  of  hydrogen.  Every  hydrogen  electron  in  every 
molecule  of  water  is  revolving  quadrillions  of  times  a 
second.  In  its  actual  infinitesimal  orbit  within  the 
eighth^ of -an-inch  drop,  only  a  hundred-millionth  of  an 
inch  in  diameter,  it  races  so  fast  that  it  covers  thirteen 
hundred  miles  each  second.  So  its  speed  in  the  two- 
mile  orbit  where  we  see  it  would  have  to  be  fifty  trillion 
times  as  great.  Since  Einstein  tells  us  in  Chapter  XII 
that  such  speed  is  impossible,  we  must  dismiss  it  from 
our  thoughts  and  return  to  the  facts. 

It  is  time  we  asked  what  the  electron  is  revolving 
about.  Now  a  strange  disappointment  awaits  you — 
the  center  around  which  the  electron  moves  is  too  small 
to  be  visible.  After  all  our  enlarging,  hoping  to  spread 
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out  the  distances  till  we  could  have  a  fair  view  of 
atoms,  the  central  element  of  hydrogen  is  less  than  a 
hundredth  of  an  inch  in  diameter.  Even  in  our  fear¬ 
fully  magnified  molecule  we  must  use  a  telescope  to  see 
the  nucleus  of  the  atom.  It  is  called  a ‘‘proton.”  It  is 
dark  in  color.  Though  it  is  a  thousand  times  smaller 
than  its  electron,  it  is  nearly  two  thousand  times  as 
heavy.  It  is  a  unit  of  positive  electricity,  balanced 
against  the  unit  of  negative  electricity  in  the  electron. 
In  its  somber  heaviness  lies  almost  the  entire  mass  of 
the  hydrogen  atom. 

All  that  science  can  discern  in  this  atom  is  these  two 
opposite  charges  of  electricity,  one  ‘  of  which  rotates 
about  the  other.  No  “matter,”  as  we  know  it,  is  to  be 
seen.  An  atom  of  hydrogen  is  a  compound  of  a  great 
deal  of  space  and  two  extremely  small  pellets  of  elec¬ 
tricity. 

On  the  other  side  of  the  eight-mile  molecule  is  an¬ 
other  atom  of  hydrogen.  These  two  atoms  are  attached, 
in  some  kind  of  close  union,  to  the  atom  of  oxygen 
which  is  between  them.  If  an  electric  current  were 
passed  through  the  drop,  we  should  see  a  separation 
of  the  atoms  in  all  the  molecules.  The  hydrogens  would 
be  detached  and  would  link  themselves  in  pairs;  the 
oxygens  would  do  likewise;  and  each  pair  of  atoms 
would  try  to  get  as  far  as  possible  from  every  other 
pair.  Thus  two  expanding  gases  would  be  formed. 

If  the  drop  were  heated,  the  motions  of  its  mole¬ 
cules  would  be  increased ;  at  its  surface  the  molecules 
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would  be  driven  off  (as  water)  in  a  gas — that  is,  as 
water-vapor,  or  steam. 

If  sufficient  heat  were  withdrawn  from  the  drop, 
we  should  see  the  molecules  cease  their  disorderly 
knocking  about  and  jump  to  position  like  so  many  sol¬ 
diers  at  a  command.  They  would  form  up  in  crystals, 
placing  themselves  in  such  a  way  as  to  occupy  some¬ 
what  more  space — and  then  the  water  would  be  frozen, 
expanded  into  ice. 

Thus  an  atom  is,  in  its  outward  relations,  as  tickle 
as  a  glancing  color  on  foaming  waves.  But  inwardly 
it  is  changeless.  The  orbit  of  its  electron,  to  be  sure, 
may  be  frequently  altered  through  an  indefinite  num¬ 
ber  of  stages;  its  electron  could  be  separated  from  it 
altogether  and  the  atom  disintegrated.  But  the  chances 
are  that  this  particular  atom  of  hydrogen  has  per¬ 
sisted  since  the  earth  was  formed  and  will  persist  from 
everlasting  to  everlasting.  If  it  were  thrown  out  into 
the  absolute  zero  of  cold,  or  plunged  into  the  heat  of 
the  sun,  or  subjected  to  the  extreme  of  pressure  in  a 
dense  star — in  every  vicissitude  its  electron  would 
continue  to  revolve.  Its  ‘‘shell”  of  force  would  be 
uninjured.  An  atom  is  an  enduring,  immaterial  sphere 
that  can  not  be  invaded  or  crushed.  Within  it  are  some 
unseen  girders  that  withstand  violence;  about  it  is 
some  armor  of  impenetrable  electricity. 

The  atom  of  hydrogen  is  the  simplest  known — one 
electron  revolving  about  one  proton.  This  is  a  sort  of 
unit  of  structure  for  all  the  other  chemical  elements. 
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An  element’^  is  a  distinct  species  of  matter,  a  simple 
type,  formed  by  the  massing  together  of  atoms  of  one 
kind.  Hydrogen  is  an  element;  so  is  oxygen;  so  is 
iron,  or  mercury,  or  radium.  But  water  is  not  an  ele¬ 
ment;  it  is  a  compound.’^  Only  ninety-two  elements 
have  been  discovered  or  predicted  in  the  universe,  and 
the  only  difference  that  science  can  yet  detect  between 
them  is  the  number  of  protons  and  electrons.  In  the 
nucleus  of  oxygen  there  are  sixteen  protons,  in  the  nu¬ 
cleus  of  iron  fifty-six,  in  mercury  two  hundred,  in 
radium  two  hundred  twenty-six. 

If  we  now  return  to  the  middle  of  the  molecule,  we 
can  understand  what  we  see,  though  its  details  are 
obscure.  We  are  at  the  heart  of  the  atom  of  oxygen. 
Clustered  close  together  are  sixteen  of  the  dark,  heavy 
protons,  each  of  which  is  a  charge  of  positive  electric¬ 
ity.  About  them  and  close  to  them  is  a  blur  of  light 
caused  by  eight  electrons.  We  may  be  sure  that  the 
arrangement  is  not  haphazard,  for  the  oxygen  atom  is 
the  most  common  one  in  the  world,  most  adaptable  for 

4 

building  all  manner  of  compounds,  most  firmly  con¬ 
structed.  It  appears  to  be  in  four  segments  that  are 
united  in  a  peculiarly  staunch  way.  Each  segment  is 
composed  of  four  protons  and  two  electrons.  Thus 
the  whole  nucleus  has  sixteen  protons  and  eight  elec¬ 
trons.  Electrically  it  is  positive,  for  it  contains  twice 
as  many  positive  units  as  negative  ones. 

The  electrical  balance  of  the  whole  atom  is  secured 
by  eight  other  electrons  which  revolve  about  the  nu- 
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cleus.  Two  of  these  are  at  a  relatively  short  distance; 
six  are  at  the  outside  of  the  atom,  forming  its  shell.’’ 
The  entire  atom  is  four-square  in  structure  and  elec¬ 
trically  neutral. 

This  intricate  atom  of  oxygen,  united  in  a  complex 
manner  with  two  atoms  of  hydrogen,  is  a  molecule  of 
water.  Perhaps,  after  your  attention  has  been  so  long 
confined  to  this  elaborate  domain,  you  are  forgetting 
that  it  is  only  one  molecule. 

On  every  side,  thudding  against  us  in  a  perpetual 
game  of  volley-ball,  are  other  molecules.  Their  eight- 
mile  shells  fill  all  the  space  in  every  direction.  They 
are  close-packed  throughout  this  sphere  that  is  a  hun¬ 
dred  million  miles  in  diameter.  If  you  are  curious 
about  how  many  there  are,  set  down  the  figure  five  and 
write  twenty  ciphers  after  it.  The  most  reckless  esti¬ 
mate  of  the  total  of  all  the  stars  in  all  the  galaxies  of 
the  universe  would  be  insignificant  compared  with  this 
number  of  molecules. 

We  say  that  a  drop  of  water  is  composed  of  mole¬ 
cules,  and  that  the  molecules  are  composed  of  atoms, 
and  that  atoms  are  composed  of  electrons  and  protons. 
But  what  do  we  mean  by  ‘‘composed”?  A  molecule, 
we  have  seen,  is  nothing  but  a  region  of  force;  the 
atoms  which  furnish  the  force  are  only  some  more 
regions  of  force ;  there  is  no  occupying  of  space  except 
by  the  protons  and  electrons.  But  these  bits  of  elec¬ 
tricity  do  not  occupy  space  any  more  than  the  stars 
fill  up  the  heavens.  The  actual  space  which  they  fill  is 
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only  one  trillionth  of  one  per  cent,  of  the  whole  vol¬ 
ume  of  any  substance.  And  in  what  sense  can  we  say 
that  electricity  fills  space?  It  is  just  a  center  of  force. 
Science  can  not  discover  any  such  matter^’  as  we  are 
accustomed  to  think  of. 

Science  has  amused  itself  by  calculating  what  hap¬ 
pens  when  electrons  and  protons  are  brought  into  con¬ 
tact.  It  is  known  that  such  contacts  must  be  made  at 
times  if  a  stray  proton  encounters  a  lone  electron.  The 
collision  does  not  result  in  a  new  atom,  for  the  proton 
and  the  electron  stick  close  together  in  an  inert,  neutral 
particle,  called  a  “neutron.’^  If  many  such  neutrons 
were  gathered  in  a  cluster,  they  would  have  a  mass 
vastly  out  of  proportion  to  the  space  they  fill.  Prob¬ 
ably  the  heavy  stars  spoken  of  in  Chapter  I  have  a 
core  of  neutrons  that  brings  up  their  average  density  to 
the  amazing  amount  that  physics  has  measured.  Mat¬ 
ter  composed  entirely  of  the  close-packed  neutrons 
would  be  so  dense  that  a  cubic  inch  of  it  would  weigh 
sixty  million  tons.  No  tourists  could  fly  about  in  it. 

Here,  in  our  drop  of  water,  all  is  open.  We  en¬ 
counter  nothing  but  widely  separated  bits  of  positive 
and  negative  electricity.  A  drop  of  water  is  only  a 
place  where  electricity  is  aggregated  in  certain  com¬ 
binations.  Into  these  groups  of  force  science  has  pene¬ 
trated  with  much  exactness. 

Every  particle  of  matter  large  enough  to  be  seen 
is  composed  of  quadrillions  of  regions  of  electrical 
energy.  This  is  true  of  every  little  speck  of  cement  or 
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rust  or  wood  or  flesh.  Every  millionth  of  an  inch  of 
the  progress  of  a  voice  over  a  telephone  wire  is  engi¬ 
neered  by  millions  of  these  regions  of  force,  which 
dance  in  exact  accordance  with  the  lightest  whisper. 
And  each  one  of  the  regions  is  a  complication  of  secrets 
that  are  quite  unfathomable. 

3,  Home  Again 

I  will  now  bring  you  back  from  the  interior  of  a 
drop  of  water  with  one  brief  remark :  There  are  witty 
persons  who  consider  atoms  a  dull,  non-cultural  sub¬ 
ject. 

For  this  rudeness  of  mine  I  offer  no  apology.  If  it 
is  a  painful  way  of  returning  to  common  life,  it  is 
wholesome.  It  will  reveal  to  my  guests  on  the  magic 
carpet  the  difference  between  literary  wit  and  scientific 
imagination — a  difference  which  every  citizen  ought  to 
understand  nowadays. 


PART  TWO 
EXPLORING  LIFE 


V 

A  TOUR  OF  A  TREE 
How  Cells  Cooperate 


I  AM  standing  on  a  lawn  in  Carpinteria,  near  the 
Coast  Highway  of  Southern  California.  Above  me  is 
a  Torrey  pine  that  carries  its  foliage  a  hundred  feet 
above  the  base  and  spreads  it  on  stout,  sprangling 
arms  over  a  diameter  as  great  as  its  height.  Seen 
from  underneath  it  is  a  galaxy  of  eight-inch  needles; 
from  a  distance  it  is  a  delicate  cloud  of  soft  gray-green 
color.  Occasionally  some  one  whizzing  by  in  a  car 
remarks,  There’s  a  big  tree.”  For  thirty-six  years 
I  have  known  it,  watching  it  grow  from  sprig  to  giant, 
without  making  any  better  comment. 

This  morning  I  begin  to  notice  what  a  pine  tree  is. 
Its  trunk,  almost  four  feet  in  diameter,  is  a  notable 
piece  of  architecture,  for  it  bears  the  strain  of  a  wide- 
stretched  load,  through  the  hardest  gales.  Its  branches 
are  contrived  for  spreading  tens  of  thousands  of 
needles  to  the  sun  and  air,  so  that  they  may  make  sugar 
to  feed  new  twigs  which  will  spread  new  needles.  Un¬ 
derground  there  are  thousands  of  regiments  of  root¬ 
lets  that  forage  for  water  and  mineral  food,  which 
must  be  transported  to  the  sugar  factories.  All  these 
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industrious  armies  of  roots  and  leaves  are  engaged  in 
one  common  purpose — nourishing  the  seeds  in  the 
cones.  Such  a  purpose  can  not  be  carried  out  by  hap¬ 
hazard.  What  generalship  directs  these  myriad  forces 
in  orderly  cooperation? 

If  you  accompany  me  on  a  tour  of  this  tree,  viewing 
the  sights  that  any  ordinary  microscope  shows,  you 
will  need  no  help  in  making  your  own  speculations 
about  the  powers  which  lie  beyond  vision. 

Squinting  through  a  microscope  is  hard  work ;  even 
for  a  man  of  long  experience  it  is  a  tricky  task.  The 
only  way  to  go  sightseeing  comfortably  in  a  tree  would 
be  to  reduce  ourselves  to  microscopic  size,  carrying 
with  us  a  corresponding  increase  in  power  of  vision. 
If,  for  instance,  a  man  nearly  six  feet  tall  could  reduce 
himself  to  one-tenth  of  his  size,  his  height  would  be 
seven  inches.  In  this  tree  trip  he  would  see  a  pine- 
needle  as  a  red-tipped  stake  taller  than  himself,  three- 
sided,  with  sharp  corners;  he  could  see  that  two  of 
the  sides  are  concave  and  decorated  with  seven  rows 
of  glistening  white  spots,  while  the  third  is  convex  and 
has  twice  as  many  rows  of  spots.  He  would  feel  of  the 
saw-teeth  on  the  corners  and  would  wonder  about  the 
sticky,  brownish  stuff  that  smears  part  of  one  side.  A 
needle  would  be  a  curiosity  which  he  would  often  tell 
about. 

Hence  a  tour  of  a  pine  tree  by  a  seven-inch  person 
would  be  ten  times  as  interesting  as  if  he  kept  his  nor¬ 
mal  height.  But  even  then  he  would  see  no  more  than 
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a  pocket  lens  reveals.  Suppose  he  were  reduced  to  a 
hundredth  of  his  size,  so  that  the  needle  was  nearly 
seventy  feet  long  and  each  small  saw-tooth  became  a 
spine  growing  from  a  lump.  The  whole  tree  would  be 
nearly  two  miles  high.  Then  the  idea  of  a  ‘‘tour”  of 
its  roots  and  branches  would  not  seem  a  figure  of 
speech. 

But  even  if  the  sights  in  a  tree  appeared  a  hundred 
times  as  large  as  they  now  do,  a  tourist  would  not  see 
much.  The  secrets  of  structure  would  still  be  hidden. 
If  we  wish  to  get  any  proper  view  of  them,  we  shall 
have  to  reduce  ourselves  to  a  tenth  of  the  hundredth  of 
our  actual  height.  This  needle,  upon  which  you  have 
rashly  ventured  with  me,  though  it  hung  only  ten  feet 
from  the  ground,  is  now  nearly  two  miles  above  ground 
and  is  long  enough  for  a  two-hundred-and-twenty-yard 
dash ;  the  top  of  the  tree  is  seventeen  miles  above  us. 

There  is  nothing  playful  about  this  adventure.  At 
your  present  height  of  one  fourteenth  of  an  inch  you 
are  still  far  too  monstrous  a  creature  to  see  much  of 
anything  in  the  needle  that  we  wish  to  explore.  Its 
cells  are  only  an  inch  or  two  wide;  you  can’t  make  out 
any  details  of  them.  And  if  you  don’t  see  the  cells  of 
a  tree,  you  don’t  see  anything — any  more  than  you 
could  take  an  interesting  drive  in  Paris  if  the  build¬ 
ings  were  indistinguishable  little  blobs  in  which  you 
could  not  detect  any  windows. 

Here  you  are,  two  miles  above  the  earth,  swinging 
in  the  light  wind  through  an  arc  of  five  hundred  feet. 
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I  will  make  you  ten  times  smaller  still,  and  give  you 
ten  times  more  power  of  seeing.  Now  the  ground  has 
become  a  vague,  cloudy  area  twenty  miles  away;  the 
needle  is  a  mile  and  a  quarter  long,  and  you  are  sitting 
on  an  edge  of  it  that  is  more  rugged  than  the  ridge  of 
the  Santa  Ynex  Mountains. 

Perhaps  you  think  we  are  now  prepared  for  the 
journey,  but  I  assure  you  that  you  will  be  disappointed 
if  you  set  out  in  your  present  condition.  You  can  not 
see  much.  Look  down  ten  feet  to  the  nearest  one  of 
the  gray  mounds  that  run  in  a  row  parallel  to  the  edge 
where  we  are  perched.  It  is  one  of  the  spots  that  dot 
all  the  surface  of  the  needle.  Even  in  your  present 
smallness  you  see  it  as  only  two  feet  wide,  and  you  can 
only  make  out  a  mass  of  pulp  and  dirt  and  resin. 
Nothing  is  clearly  defined.  I  will  make  you  ten  times 
smaller  still.  Then,  just  for  the  sake  of  convenient 
arithmetic,  I  will  reduce  you  by  a  factor  of  2.1.  You 
are  now  one  three-thousandth  of  an  inch  tall.  Twenty 
such  creatures  as  you  standing  on  each  other’s  heads 
in  a  column  would  reach  as  high  as  the  thickness  of  the 
sheet  of  paper  on  which  you  are  reading.  Do  you  think 
I  overdo  in  making  you  ready  to  see  a  tree?  You  will 
shortly  be  complaining  that  you  are  too  big. 

Hold  fast  to  this  gummy  hillock  while  I  explain  the 
scenery.  We  are  near  the  base  of  a  needle,  one  of  a 
cluster  of  five,  and  are  facing  toward  the  base.  Behind 
us  is  the  tip  of  the  needle,  twenty-seven  miles  away. 
yfQ  are  on  a  resinous  mountain  ridge  that  is  composed 
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of  the  water-proof  coating  of  the  needle.  On  our  right 
is  the  wide,  convex  side  of  the  needle,  which  is  three 
hundred  fifty  yards  across;  hut  we  see  only  half  of 
the  width  because  the  other  side  is  hidden  below  the 
slope.  In  color  it  is  like  a  wilted  lawn.  Its  expanse 
is  covered  with  gray  hummocks  that  heave  and  gently 
writhe  like  pulpy  craters.  On  our  left  is  the  perpen¬ 
dicular  cliff  of  one  of  the  narrow  sides  of  the  needle. 
It  is  covered  with  the  same  sort  of  palpitating  hum¬ 
mocks  and  is  plastered  with  brownish  lumps  of  resin 
in  which  are  stuck  white  and  brown  boulders — things 
that  mortals  call  ^‘dust  grains  blown  by  the  wind.’^ 
The  ridge  on  which  we  sit,  between  these  two  sides, 
looks  as  if  it  had  been  formed  out  of  gray  gelatine  that 
had  hardened  with  a  translucent,  glistening  surface  in 
a  maze  of  mounds  and  hollows.  Behind  us  the  ridge 
slopes  up  sharply  to  a  height  of  fifty  feet.  A  hundred 
yards  ahead  of  us  is  a  queer  thing. 

As  we  clamber  toward  it,  bracing  our  feet  in  the 
rough  surfaces  of  the  hollows  and  gripping  the  knobs 
on  the  mounds,  we  see  that  we  are  confronting  a  cone 
of  gleaming  gray.  It  is  embedded  in  a  hill  fifty  feet 
high  and  is  pointed  toward  us,  elevated  at  an  angle,  like 
a  threatening  coast-defense  cannon,  as  if  it  were  set  to 
impale  anything  that  rushed  against  it.  If  we  clamber 
to  its  top  and  look  forward,  we  see  another  sharp  cone, 
mounted  and  pointed  toward  us  in  the  same  way.  Back 
of  us  along  all  the  miles  to  the  tip,  at  intervals  of  from 
two  hundred  to  six  hundred  feet,  stretches  a  continu- 
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ous  row  of  similar  cones — three  hundred  of  them. 
They  are  the  spines  that  a  mortal  can  feel  as  a  slight 
roughness  when  he  rubs  his  thumb  down  the  edge  of  a 
needle. 

Of  course  each  spine  was  constructed  by  a  cell.  It 
Avas  formed  by  protoplasm  that  was  pushed  out  to  a 
sharp  point  and  hardened  there.  It  was  created  by  an 
organism  that  was  born  Avith  this  special  poAver,  an 
organism  Avhich  was  one  of  the  dozens  of  kinds  pro¬ 
vided  for,  to  the  last  nicety  of  detail,  in  the  swarming 
multitude  of  groAAdhs  in  the  embryo  of  a  cluster  of  pine 
needles.  And  this  endlessly  complex  multitude  Avas  at 
first  all  provided  for  in  one  small  part  of  a  single  cell. 
And  that  cell  had  been  born  from  another  which,  A\dth- 
in  its  single  self,  contained  provision  for  all  the  sorts 
of  cells  that  were  to  form  AAmod  and  cones  on  a  whole 
branch.  And  all  the  provisions  for  the  branch  were 
just  part  of  an  earlier  cell  that  became  a  pine-cone. 
There  can  not  be  any  chance  or  miracle  about  the  birth 
of  a  single  spine.  It  had  to  be  exactly  provided  for  in 
the  ancestor  of  a  line  of  cells. 

Nor  could  the  individual  spines  be  left  to  grow  as 
they  liked.  The  number  and  placement  of  them  had 
to  be  governed  by  some  precise  apparatus,  so  that  they 
should  grow  only  on  the  three  edges,  that  there  should 
be  about  thirty  or  forty  to  the  inch,  and  that  all  of 
them  should  point  one  way.  If  we  ask  Avhy  they  exist, 
we  shall  receive  no  answer  but  guesses.  Perhaps  the 
young  trees  were  once  less  likely  to  be  eaten  if  there 
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were  spines  to  rasp  the  tongue  of  some  Mesozoic  herb- 
eater.  Perhaps — hut  nobody  knows.  There  they  grow, 
exactly  as  the  seeds  of  this  species  have  ordained  that 
they  should  grow  for  unknown  millions  of  years.  So 
stable  and  enduring  is  the  mechanism  of  heredity  in 
each  of  its  small  details. 

And  yet  this  ancient  fixity  might  be  altered  in  a  few 
generations.  If  we  could  give  a  plant-breeder  a  hun¬ 
dred  thousand  young  Torrey  pines,  and  if  he  had  a 
corps  of  helpers  to  examine  the  needles  of  every  tree, 
one  could  be  found  that  was  less  spiny  than  the  normal. 
If  the  seeds  of  this  tree  were  planted  and  the  next 
generation  examined,  a  specimen  with  smaller  and 
fewer  spines  would  be  discovered.  In  no  very  long 
time  the  spines  could  be  made  to  disappear  entirely. 
Just  such  an  operation  was  carried  out  on  the  prickly 
pear  by  Luther  Burbank.  Hence  the  mechanism  of 
heredity  may  be  called  quite  unstable  and  temporary. 
It  varies,  however  slightly,  in  every  generation.  This 
is  the  paradox  of  heredity  and  variation  in  evolution. 

Excuse  the  lecture  while  you  are  clinging  for  dear 
life  to  a  mountainous  ridge  which  swoops  through  the 
air  thirty  miles  a  second  when  the  wind  freshens,  and 
which  is  so  far  from  the  other  clusters  of  needles  that 
you  can  not  see  them.  We  are  alone  in  the  wide  sea  of 
air- — no  place  for  reflecting  on  an  abstraction  of  biol¬ 
ogy.  Doubtless  you  wish  to  get  under  cover. 

Hold  fast  while  we  crawl  up  the  slope  to  one  of  the 
white  spots  that  extend  in  straight  rows  from  base  to 
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tip  of  the  needle.  It  is  a  hundred  feet  away.  We  can 
reach  it  if  we  carefully  watch  our  foothold  and  grip 
the  sticky  knobs  that  dot  the  surface. 

So — here  w^e  are  at  the  border  of  a  pulpy  square, 
forty  feet  wide,  rising  five  feet  above  the  level  of  the 
surface  of  the  leaf.  It  is  heaving  like  a  breathing  body. 
Follow  me  up  the  side  of  it  and  across  it  to  the  dirty- 
looking  center.  This  is  one  of  the  forty-eight  thousand 
breathing-holes  on  the  needle.  (DoiUt  be  astonished  at 
that  number;  it  is  small  because  the  pine  is  adapted 
to  a  dry  life.  Some  leaves  have  millions  of  breathing- 
holes.)  This  hole  is  by  no  means  a  safe  place,  for  the 
passage  down  through  it  will  close  at  any  time  when 
the  leaf  grows  too  dry;  we  might  be  caught  and  suf¬ 
focated.  However,  on  this  foggy  morning  the  chances 
are  good  that  the  hole  will  remain  open.  The  diameter 
is  more  than  a  yard  at  the  top.  As  we  crane  our  necks 
over  the  edge  and  peer  down,  we  can  see  that  the  pas¬ 
sage  grows  more  restricted  below,  but  it  looks  wide 
enough  for  us  to  wriggle  through.  Now  you  begin  to 
realize  that  you  were  not  made  small  enough  for  a 
comfortable  trip  through  a  pine  tree.  I  am  going  down 
head  first,  because  there  is  no  fear  of  dropping  into 
any  deep  cavern — the  space  in  the  needle  is  close- 
packed  with  equipment.  You  may  go  feet  first  if  you 
will  feel  safer. 

For  five  feet  I  make  a  plunge,  staying  myself  with 
outspread  arms  and  legs ;  then  I  squirm  five  feet  more 
between  the  soft  pulsing  walls  of  the  funnel — and  drop 
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ten  feet,  as  if  I  had  broken  through  the  ceiling  of  a 
room,  to  a  cushiony  floor  that  feels  like  a  rubber  mat¬ 
tress  filled  with  water. 

Of  course  this  floor  is  a  cell.  Every  place  you  can 
touch  in  all  the  height  and  breadth  of  a  tree  is  part  of  a 
cell.  The  floor  is  a  breathing,  hard-working,  intricate 
individual.  In  shape  it  is  an  irregular  oblong,  some 
fifteen  feet  in  width.  We  are  sitting  on  the  end  of  it — ^ 
as  if  on  the  end  of  a  great  sack  of  water  that  extends 
fifty  feet  in  length  toward  the  axis  of  the  needle. 

As  our  eyes  become  accustomed  to  the  dim  light,  we 
realize  that  we  are  in  a  chamber  about  ten  feet  in  diam¬ 
eter,  formed  by  the  ends  of  a  dozen  or  more  cells.  These 
are  pressed  tightly  together — in  fact  they  are  prac¬ 
tically  grown  together;  for  there  are  ducts  communi¬ 
cating  between  them,  and  they  work  as  an  organized 
whole.  Here  and  there  you  can  see  that  between  the 
cells  there  are  passages  wide  enough  for  us  to  creep 
through,  but  nowhere  wide  enough  for  comfortable 
walking.  You  should  have  allowed  me  to  make  you 
smaller. 

If  we  gaze  about  a  few  minutes,*  taking  in  one 
feature  after  another  of  this  chamber  under  a  breath¬ 
ing-hole,  we  begin  to  realize  that  we  are  in  the  midst 
of  manifold  operations ;  every  square  foot  of  the  walls 

must  here  repeat  the  thanks  which  I  expressed  to  Professor  W.  F. 
Ganong  in  Evolution  for  John  Doe.  If  all  scientists  had  his  zest  for 
visualizing  and  his  ability  to  make  lively  word-pictures,  science  would  long 
ago  have  become  a  romance.  His  Living  Plant  and  Textbook  of  Botany 
have  enabled  me  to  see  some  of  the  marvels  of  a  leaf  and  to  report  them 
here.  If  he  detects  herein  certain  details  not  strictly  true  of  the  leaf  of  a 
pine,  he  will  forgive  me  for  the  sake  of  the  larger  truth  that  is  exhibited. 
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is  at  work,  pulsing,  circulating  fluids,  moving  globes 
and  disks  about  bewilderingly.  We  feel  the  vibrations 
of  industry,  as  if  we  were  in  the  midst  of  hard¬ 
working  machinery  where  all  the  noises  have  been 
muffled  to  a  low  roar.  Even  the  chamber  is  not 
mere  space  between  the  units  of  the  factory.  It  is  full 
of  activity.  You  can  feel  the  currents  of  gas  circulat¬ 
ing — not  in  happy-go-lucky  drafts,  but  with  orderly 
purpose.  If  you  had  only  consented  to  be  made  a 
thousand  times  smaller  than  your  present  lumbering 
self  of  one  three-thousandth  of  an  inch,  you  could  now 
see  what  is  happening.  As  it  is,  there  is  no  way  to  show 
you  except  by  coloring  the  currents  artificially.  Hold 
your  hands  close  over  your  eyes  for  a  minute  while  I 
release  the  necromantic  dyes  and  let  them  diffuse  them¬ 
selves  throughout  the  room.  ...  No,  not  quite  yet. 
Another  minute,  please.  ...  Now  you  may  look. 

The  red  wisps  that  seep  from  the  cells  and  come 
blowing  out  of  the  passages  between  cells,  making 
straight  for  the  funnel  above  us  and  passing  to  the 
outer  air,  are  oxygen.  The  bits  of  gray  haze,  which 
float  gently  from  the  cells  toward  the  funnel  and  dis¬ 
appear  upward  through  it,  are  water-vapor.  The  dark- 
green  strands  which  steal  in  toward  us  from  the  breath¬ 
ing-hole,  drifting  toward  the  cells  and  disappearing 
into  them,  are  carbon  dioxide.  As  we  watch  these  cur¬ 
rents  they  seem  gentle  and  aimless;  there  is  nothing 
exciting  in  their  appearance.  But  if  we  had  super-eyes 
which  could  penetrate  to  all  that  is  taking  place,  we 
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slioiild  know  that  we  are  observing  the  most  funda¬ 
mental  mystery  in  all  the  course  of  nature.  We  are 
seeing  the  inorganic  world  made  organic.  Be  polite 
for  the  space  of  a  paragraph  while  I  tell  what  this 
means. 

A  leaf—whether  of  palm  or  geranium  or  cactus  or 
pine — is  a  factory  for  converting  water  and  carbon 
dioxide  into  organic  food.  Nowhere  else  in  nature  can 
this  miracle  be  performed.  Each  of  the  cells  that  sur¬ 
round  us  is  an  organism  which  receives  a  supply  of 
water  from  the  ground  and  a  supply  of  carbon  dioxide 
from  a  breathing-hole.  Its  energy  is  supplied  by  the 
sunlight^  from  which  it  extracts  certain  rays  and  ap¬ 
plies  them  to  the  water  and  the  gas.  By  a  process 
too  elaborate  and  profound  for  the  investigation  of 
chemists  it  turns  the  energy  of  light  waves  upon  these 
simple  molecules,  mingling  six  of  each  in  a  massive 
and  unstable  molecule  of  grape  sugar — CeHisOe.  This 
is  easily  and  quickly  converted  to  starch ;  it  is  altered 
to  protein  by  the  addition  of  elements  brought  from 
the  ground;  it  is  the  basis  of  all  animal  life — for  no 
animal  could  exist  but  for  the  food  that  is  manufac¬ 
tured  in  leaves.  The  animal  kingdom  is  a  parasite 
upon  the  industry  of  the  sugar-making  disks. 

If  the  cell  were  a  perfectly  efficient  laboratory,  it 
would  build  sugar  molecules  without  wasting  any 
water.  For  v/ater  is  precious ;  it  must  be  pursued  by 
millions  of  industrious  rootlets  that  fight  their  way 
through  harsh  masses  of  dry  soil  to  wring  from  it  the 
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moisture  that  it  grudges  to  yield.  All  this  hard-won 
booty  must  be  transported  through  the  roots,  up  the 
trunh,  along  the  branches,  into  the  twigs,  by  leaf  ducts, 
to  the  thirsty  cells.  Water  is  costly,  the  plant’s  great¬ 
est  treasure.  Yet  it  leaks  away  from  the  cells,  out 
through  their  walls,  and  escapes  from  the  funnels  of 
the  breathing-holes.  Why  should  there  be  such  w^aste? 
Simply  because  the  needle  is  an  imperfect  apparatus. 
It  works  well  enough  to  maintain  a  hardy  tree  in  soil 
that  is  not  too  poor.  But  it  is  far  from  perfect.  Here 
is  a  text  for  a  long  essay  on  evolution  as  a  process  of 
adjustment.  All  the  adaptations  of  plants  and  animals 
are  of  that  sort — fairly  good,  sometimes  astonishingly 
good,  but  never  complete.  Evolution  has  been  a  series 
of  makeshift  contrivances. 

Still  this  chamber  of  gases  is  by  no  means  so  ill- 
fitted  for  its  purpose  as  you  might  imagine.  The  cells 
which  open  and  close  the  outlet  are  automatically 
influenced  by  the  supply  of  water  in  the  cells ;  as  the 
supply  is  depleted,  the  cells  stretch  out  and  make  the 
hole  smaller;  they  will  close  completely  if  a  hot,  dry 
atmosphere  is  robbing  the  leaf  of  too  much  water. 
Furthermore,  the  chamber  keeps  the  gases  well  dis¬ 
tributed.  Carbon  dioxide  is  brought  alongside  the  cell 
walls,  where  they  can  absorb  it ;  oxygen  is  carried  out. 

Look  through  the  wall  of  this  cell  which  forms  the 
right-hand  side  of  the  chamber.  The  wall  is  thin  and 
almost  transparent.  Behind  it  you  can  see  the  streams 
of  protoplasm  winding  up  and  down  and  across,  en- 
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gaged  in  transactions  too  subtle  to  be  even  guessed  at. 
Far  along  the  side  you  can  make  out  a  globe,  the  nuc¬ 
leus,  in  which — if  only  our  eyesight  were  more  acute — 
we  could  see  the  chromosomes  that  lie  ready  to  pro¬ 
create  if  the  signal  comes.  The  central  portion  of  the 
cell  is  full  of  sap,  which  is  under  pressure,  keeping  the 
walls  taut.  Many  organs  of  the  cell  are  vaguely 
visible — the  technical  names  for  which  are  confessions 
of  ignorance  about  their  function — chondriosomes, 
mitochondria,  Golgi-bodies,  cytoplasmic  granules,  mi- 
crosomes.  Be  at  ease.  I  am  not  going  to  discourse  on 
the  unknown.  I  merely  wish  it  understood  that  you  are 
gazing,  not  at  specks  of  stuff,  but  at  the  organs  of  a 
life  which  is  far,  far  beyond  comprehension. 

Most  prominent  among  the  coutents  of  this  cell  are 
the  green  disks,  two  or  three  feet  in  diameter,  which 
float  in  the  protoplasm.  These  are  the  places  where 
some  red  and  blue  rays  of  sunlight  are  set  to  work  for 
the  compounding  of  water  and  carbon  dioxide  into 
sugar.  If  you  were  not  so  large,  you  would  not  be 
blind  to  what  goes  on  within  the  disks.  You  can  see 
nothing.  Science  has  not  yet  been  able  to  see  anything. 
We  might  as  well  move  on. 

On  to  what  1  When  you  have  clamped  this  gas-mask 
over  your  head  and  wormed  your  way  two  hundred 
feet  toward  the  axis  of  the  needle  (only  a  third  of  the 
distance),  you  have  passed  a  confusing  array  of  cells 
of  many  sorts  and  of  all  shapes,  jammed  together  like  a 
medley  of  elastic  factory  rooms  under  hydraulic  pres- 
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sure,  flattened  here,  bulged  there,  now  almost  spheri¬ 
cal,  again  shaped  like  a  narrow  chest.  If  some  botanist 
were  here  to  lecture  as  we  pass  the  various  factory 
units,  he  could  tell  of  cells  which  combine  sugar  with 
substances  brought  up  from  the  roots,  thus  forming 
material  from  which  to  build  protoplasm ;  of  cells  which 
make  resin;  of  several  sorts  of  cells  which  form  chan¬ 
nels  for  carrying  sugar  and  starch  and  proteins  and 
water  and  carbon  dioxide.  Further  information  he 
could  not  furnish.  Which  cells  govern  the  repairs  of 
an  injured  bit  of  the  water-proof  coat  of  a  leaf? 
Whence  issue  the  orders  for  sending  to  the  stem 
more  sugar,  or  for  receiving  more  nitrogen  and  sul¬ 
phur  to  increase  the  stock  of  proteins?  W^hat  cells 
direct  the  ducts  of  a  given  area  to  furnish  more  water 
or  to  clear  away  more  oxygen?  In  short,  where  reside 
the  instincts  that  direct  the  cooperation  of  the  two  or 
three  million  organisms  which  live  between  base  and 
tip  of  one  needle?  Wlien  science  can  answer,  it  will 
have  made  the  first  step  toward  understanding  a  tree. 

We  can  not  linger  for  any  more  speculations  of  this 
sort,  because  a  long  journey  lies  ahead.  Slip  into  this 
tunnel  which  carries  a  stream  of  sugar  solution  to  the 
base  of  the  cluster  of  needles.  What!  You  are  afraid 
of  drowning?  But  there  is  no  way  to  move  about  in  a 
tree  except  through  these  ducts  that  carry  water  up 
and  dissolved  food  down.  Be  courageous.  You  have 
now  entered  into  the  life  of  the  tree  and  will  find  that 
you  can  breathe  in  its  sap.  Have  no  fear.  Dive  in. 
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The  current  is  svv^ift  enough  to  be  rather  terrifying, 
but  you  will  grow  accustomed  to  the  speed.  It  feels 
like  ten  miles  an  hour,  and  it  is  that  fast  if  you  meas¬ 
ure  by  the  sort  of  standard  you  used  in  your  human 
state.  Then  you  had  a  unit  of  length  called  a  ^‘mile,’’ 
which  was  about  nineteen  hundred  times  your  height; 
when  you  traveled  nineteen  thousand  times  your  height 
in  sixty  minutes  you  said  you  were  going  ‘‘ten  miles 
an  hour.’’  You  are  now  moving  at  a  rate  about  nine¬ 
teen  thousand  times  your  height  in  one  hour.  The 
rate  will  increase  somewhat  after  we  reach  a  large 
branch.  Just  what  the  speed  of  currents  is  in  this  pine 
I  can  not  learn,  but  in  some  fleshy  plants  the  movement 
of  sap  is,  at  times,  as  fast  as  five  hundred  and  fifty  miles 
an  hour.  So  we  are  guessing  our  present  rate  very 
conservatively.  As  human  beings  measure  distance, 
we  are  about  two  inches  from  the  base  of  the  cluster 
of  needles ;  as  that  distance  is  measured  by  tree  tour¬ 
ists,  it  is  seven  miles ;  hence  we  shall  be  forty  minutes 
in  reaching  the  stem. 

Perhaps  I  had  best  remind  you  once  more,  at  the 
risk  of  repeating  too  much,  that  this  smooth,  round 
tunnel  through  which  we  pass  is  not  an  excavation. 
It  is  not  even  a  space  left  vacant  by  the  architects  of 
the  needle.  No,  each  section  of  the  tunnel  was  origi¬ 
nally  a  cell,  which  removed  all  of  itself  except  the 
sheath,  broke  down  its  end  walls,  and  joined  itself  to 
the  sheaths  at  either  end,  thus  forming  a  continuous 
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duct.  All  space  in  a  tree,  everything  in  a  tree,  was 
designed  and  made  by  cells. 

As  we  swirl  along  and  you  grow  accustomed  to  the 
fish-like  way  of  breathing,  you  notice  that  there  are 
fewer  factory  cells  and  that  we  are  passing  to  a 
region  of  transportation  and  storage.  Here  a  duct 
from  another  needle  comes  alongside  ours ;  our  tunnel 
will  soon  be  one  of  a  bundle  of  tunnels.  Gradually, 
with  the  utmost  nicety,  the  passages  of  the  five  needles 
are  merged  into  one  trunk  system.  We  arrive  at  the 
stem. 

Here  is  the  junction  point  for  half  a  dozen  bunches 
of  needles.  The  traffic  is  as  congested  and  compli¬ 
cated  as  in  a  Chicago  freight-yard.  A  hardened  botan¬ 
ist  may  feel  assured  that  all  the  transfer  of  water  and 
starch  and  solids  and  proteins  is  managed  automat¬ 
ically.  Perhaps  it  is.  But  if  we  should  try  to  map  the 
maze  of  tunnels  and  the  control-points  of  distribution, 
we  should  find  that  human  wit  was  only  dodging  the 
issue  when  it  uses  the  word  ‘^automatic.’’  It  would 
seem  just  as  wise  to  call  the  day’s  work  of  Chicago 
automatic.  Consider  one  slight  sample — the  disposal 
of  some  particles  of  the  nitrogen  which  has  been 
transported  all  the  way  from  a  remote  tip  of  a  root. 
It  is  very  valuable;  more  of  it  is  required  for  some 
needles  than  for  others,  and  all  the  needles  desire  it. 
Nitrogen  has  no  intelligence  for  dividing  itself  into 
five  unequal  portions  and  going  where  it  is  needed. 
A  nitrogen  compound  is  very  sluggish  and  must  be 
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handled  and  shipped  by  some  sort  of  supervision. 
What  forces  apportion  it  in  this  labyrinth  of  busy  high¬ 
ways?  I  am  not  hinting  that  there  must  be  intelli¬ 
gence  at  work;  indeed  the  required  skill  seems  of  a 
higher  order  than  intelligence.  I  am  only  protesting 
that  when  we  say  ‘‘automatically’’  we  say  nothing. 
The  imagination  of  man  has  never  conceived  any  term 
for  describing  the  way  in  which  consignments  of  sul¬ 
phur  and  phosphorus  are  handled  in  the  node  of  a 
twig. 

Much  less  can  we  imagine  what  is  being  done  ten 
miles  above  this  node,  at  the  tip  of  the  twig,  where  the 
new  growth  is  taking  place.  The  water  duct  will  give 
us  a  ride  thither.  ...  To  human  eyes  there  appears  a 
cluster  of  several  buds.  To  our  eyes,  looking  at  the 
inside  with  a  vision  two  hundred  thousand  times  as 
strong,  there  is  simply  a  whirlpool  of  cell-birth.  There 
must  be  preliminary  cells  to  furnish  the  brown  coat 
for  the  buds,  scaffolding  cells  to  direct  the  growth, 
carrier  and  builder  cells  to  insure  right  forms  and 
directions  and  distances  and  proportions  of  all  the 
swarming  tribes  of  the  many  differentiated  and  co¬ 
ordinated  cells  which  are  to  form  the  new  needles.  It 
is  useless  to  philosophize  and  argue  that  some  instinct 
is  a  foreman  for  carrying  out  all  the  specifications.  We 
merely  mouth  words  if  we  insist  on  some  “power”  or 
“intelligence”  to  direct  the  operations ;  for  those  terms 
are  merely  rude  parables  by  which  we  liken  a  bud  to 
a  structure  of  steel  and  cement.  There  can  be  no  real 
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comparison.  The  bud  is  composed  of  living  individ¬ 
uals,  which  may  be  as  competitive  and  erratic  as  ani¬ 
mals  in  a  herd.  They  are  not  passively  riveted  into  a 
pile ;  they  actively  grow  and  harmonize  themselves  in¬ 
to  a  common  life.  Will  science  ever  learn  anything 
about  the  generalship  which  commands  this  swarm  of 
creatures,  the  cells? 

If  we  find  this  growth-cluster  overpowering,  what 
should  we  feel  if  we  took  the  long,  long  journey  down 
the  length  of  the  twig,  and  on  down  the  branch,  and 
then  out  by  way  of  another  branch,  to  where  a  cone  is 
forming?  Here  is  the  birthplace  of  future  trees.  At 
the  base  of  each  scale  in  the  pyramid  is  a  pair  of  egg- 
cells,  waiting  for  pollen.  The  pollen-cells,  which  were 
produced  in  the  stamens  of  little  flowers,  are  like  a 
parachute  borne  through  the  air  by  any  light  breeze.  A 
few  have  the  good  luck  to  drift  down  to  the  openings 
of  waiting  egg-cells  and  are  drawn  into  them  by  the 
drying  up  of  the  moisture  at  the  openings.  For  months 
each  invading  sperm  grows  slowly  down  to  its  egg. 
The  cells  conjugate.  An  embryo  tree  is  formed — the 
seed.  In  it  is  a  complete  provision  for  every  detail  of 
the  needles  and  bark  and  roots  and  cones  of  a  future 
tree. 

We  could  not  see  much  of  what  goes  on  in  a  cone, 
for  we  are  too  huge  and  our  sight  too  dim.  So  we  will 
not  visit  a  cone,  but  just  mention  it  while  we  are  at  the 
end  of  a  branch.  (In  Chapter  VIII  there  is  a  descrip- 
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tion  of  such  germ-cells.)  We  must  not  try  to  study 
botany ;  we  are  siglit-seers  bowling  through  scenery. 

We  return  down  the  twig  in  a  sugar  stream,  and 
continue  on  beyond  to  the  branch  from  which  it  grows, 
a  hundred-mile  trip.  You  can  read  of  the  layers  of 
which  the  twig  is  composed — the  bark  and  cork,  the 
cambium  and  wood  and  pith — in  any  text  book.  You 
might  while  away  the  hours  by  speculating  on  how  a 
twig  can  increase  its  diameter  each  season.  Three 
years  hence  it  will  be  twice  as  large;  its  bark  must 
reach  twice  as  far;  yet  every  minute  of  the  time 
the  bark  must  remain  water-tight.  For  deadly  enemies 
of  the  tree  are  always  drifting  through  the  air  and  will 
invade  it  if  the  least  spot  is  left  unguarded.  Spores 
of  fungus  much  smaller  than  the  cells  would  enter  the 
wood  and  feed  upon  its  stores  of  food  as  certainly  as 
bacteria  always  enter  any  broken  skin  of  an  apple  and 
cause  decay.  So  the  bark  must  always  be  sealed.  How 
does  it  increase  its  circumference  without  permitting 
any  microscopical  gap  at  any  moment  ? 

We  enter  the  branch  at  a  node  where  three  other 
twigs  converge  with  ours.  We  are  to  travel  the  length 
of  it  to  where  it  joins  a  larger  branch — somewhat  more 
than  the  distance  between  New  York  and  Chicago. 
Here  the  branch  is  only  seven  miles  in  diameter,  and 
at  its  base  is  only  ten  miles  in  diameter.  Somehow 
this  seems  impossible  architecture.  We  can  conceive 
a  cable  of  those  dimensions,  but  we  can  not  conceive 
how  the  cable  could  be  transformed  into  a  stiff,  staunch 
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girder,  bent  through  three  ungainly  angles,  that  would 
withstand  any  storm,  though  carrying  a  load  of  sails, 
and  never  be  twisted  or  snapped  in  two.  Human  engi¬ 
neers  will  never  devise  the  struts  for  such  a  truss.  We 
marvel  when  we  are  small-sized  tourists,  but  we  never 
give  a  branch  a  moment  ^s  thought  when  we  are  sixty- 
nine  inches  tall. 

If  we  should  stop  off  midway  of  the  branch,  and  if 
we  had  axes,  and  if  we  had  enough  time  and  a  supply 
of  food,  we  might  cut  our  way  out  of  this  sap  tunnel 
and  hack  a  passage  to  the  spongy  heart  of  the  branch. 
There  we  should  find  some  open  spaces.  We  could  walk 
all  the  way  to  the  trunk  of  the  tree.  But  in  order  to 
reach  such  a  passage  we  should  have  to  chop  for  nearly 
a  mile.  I  suppose  you  would  prefer  to  ride.  You  may 
as  well  go  to  sleep,  for  we  can  hardly  reach  our  desti¬ 
nation  in  less  than  thirty  hours.  , 

The  main  branch  is  twenty  miles  thick  where  we 
enter  it,  and  extends  eight  hundred  miles  to  the  trunk, 
at  a  point  seven  hundred  miles  above  the  ground. 
There  is  no  need  to  worry  about  transferring  to  other 
routes,  since  the  tunnel  is  continuous  throughout  the 
twenty-five  hundred  miles  from  needle  to  stump. 

When  I  think  of  the  trunk  of  this  tree,  and  of  how 
my  dull  mind  has  never  heeded  it,  I  know  that  the  soul 
of  a  savage  is  more  sensitive  than  mine.  It  under¬ 
stands  better  than  my  cast-iron  brain  what  a  tree  is. 
The  savage  discerns  a  spirit  in  it ;  he  worships.  I  have 
never  thought  of  anything  in  it  but  a  wood-pile.  The 
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savage  perceives  a  kind  of  truth  that  is  hidden  from 
all  us  bridge-playing  joy-riders.  Even  a  ^^vitalist^^ 
mystic  has  had  more  perception  than  1.  Henceforth  I 
shall  try  to  lift  up  my  eyes  to  the  structures  not  made 
with  hands.  I  shall  never  be  able  to  see  the  spirit,  nor 
can  I  ever  credit  the  vital  principle’’;  for  to  my 
prejudiced  intellect  these  seem  fancies.  But  I  can  at 
least  contemplate  the  unknown  god  of  cytology  and 
learn  to  have  a  humble  mind  when  I  see  a  spire  of  mar¬ 
vels  spreading  its  magical  green  shops  to  the  sun. 

This  trunk  bears  its  leaves  to  a  height  of  four 
thousand  miles  above  the  earth  and  spreads  them  two 
thousand  miles  on  every  side.  In  its  construction  there 
were  no  cables  or  cement  or  steel  girders ;  there  was  no 
material  but  soft,  living  cells  that  formed  six-inch  walls 
and  pieced  the  walls  together.  Out  of  these  tubular 
sections,  whose  average  length  is  not  more  than  fifty 
feet,  they  devised  continuous  pipe  lines  from  the  most 
remote  root-tip  to  the  highest  and  farthest  needle — • 
ten  thousand  miles.  Compare  such  an  achievement 
with  a  great  coral  reef,  an  object  which  excites  our 
wonder  because  its  cubic  miles  were  made  by  the  labors 
of  little  polyps.  The  reef  is  just  a  mass  of  skeletons, 
no  more  organized  than  a  kitchen-midden  of  refuse 
shells.  But  the  cells  of  a  tree  are  coordinated  for  one 
purpose,  like  an  army  of  special  artizans.  Their  num¬ 
bers  are  past  computation.  We  say  ‘‘as  numerous  as 
the  stars  in  heaven” — though  the  naked  eye  can  never 
see  more  than  three  thousand  at  one  time.  The 
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astronomers  calculate  that  in  the  Milky  Way,  that 
uncountable  host  of  dim  or  invisible  stars,  there  are 
two  billion  suns,  possibly  forty  billions ;  and  the  num¬ 
ber  is  so  staggering  that  it  has  seemed  unreal.  Com¬ 
pare  this  inconceivable  number  with  the  multitude  of 
cells  that  form  a  tree-trunk.  To  build  a  block  of  our 
pine  eight  inches  square  and  ten  inches  high  there  was 
required  the  labor  of  forty  billion  living,  disciplined 
y^orkers.  I  trust  that  this  brief  statement  will  not  be 
considered  bad  form  in  an  age  when  it  is  the  fashion 
to  poke  fun  at  statistics. 

On  down  the  trunk  we  glide.  We  reach  the  level 
of  the  ground.  We  continue  down  for  more  than  a 
hundred  miles,  and  then  can  feel  that  our  course  is 
nearly  horizontal.  Our  surroundings  are  cooler,  for 
we  are  in  a  root,  traveling  out  toward  a  big  branch 
of  it. 

Yes,  you  have  slept  ten  hours.  No,  we  have  not 
reached  any  place  in  particular,  though  we  have  kept 
a  pretty  steady  rate  of  forty  miles  an  hour.  If  you 
stay  awake  during  the  next  ten  hours,  you  will  only 
have  made  a  beginning  of  the  journey  underground. 
You  are  on  the  way  to  that  extremity  of  a  tree  which 
is  farthest  from  needles,  to  the  tip  of  a  root.  I  might, 
of  course,  switch  you  off  and  reach  a  root-tip  in  a  short 
while.  But  such  a  shortening  of  the  trip  would  not  be 
fair.  For  when  we  were  up  aloft  I  took  you  into  a 
branch  that  was  low  and  of  only  moderate  length.  Now, 
^own  below,  you  ought  to  gain  a  better  idea  of  the 
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extent  of  this  institution  that  we  call  ‘‘a  tree.’’  You 
ought  to  go  out  to  its  border,  to  realize  the  width  of  its 
domain,  to  see  what  its  life  is  like  on  the  frontiers. 
The  border  lies  four  thousand  miles  from  the  trunk — 
a  hundred  hours  of  travel  through  this  same  continu¬ 
ous  tunnel  that  we  have  followed  from  the  needle.  It 
will  be  a  monotonous  journey;  the  only  changes  we  can 
note  in  our  surroundings  will  be  that  at  certain  places 
our  bundle  of  tunnels  is  diminished — that  is,  when  we 
pass  into  a  smaller  ramification  of  the  root.  Be  patient. 
Think  of  the  billions  of  lives  that  have  expended  their 
energy  and  skill  to  create  what  we  pass  through  each 
hour.  Learn  to  think  in  trillions. 

The  current  has  almost  ceased  to  flow.  It  is  con¬ 
stricted  in  a  narrower  passage,  and  its  load  of  foods 
is  being  doled  out  to  hungry  cells  whose  energy  must 
be  restored.  Have  no  fear  of  them.  They  know  what 
food  they  need  and  will  not  nibble  at  us.  Be  alert  and 
don’t  let  yourself  get  stranded  in  the  smaller  and  more 
closely  packed  cells  that  now  surround  us.  Keep  edg¬ 
ing  your  way  along  with  all  your  might. 

This  rootlet  is  one  hundred  fifty  yards  thick  at  the 
point  where  we  are,  five  hundred  yards  from  the  very 
tip.  We  must  force  our  passage  amidst  these  small, 
vigorous  young  cells  that  crowd  before  us  so  stoutly. 
It  is  hard  going.  You  grow  breathless.  Well,  this  is 
the  best  that  giants  can  do  in  such  cramped  space.  We 
must  give  up  while  still  three  hundred  yards  from 
where  cells  actually  come  to  grips  with  the  soil.  We 


120 


EXPLORING  THE  UNIVERSE 


are  at  tlie  edge  of  a  zone  of  a  rootlet  called  its  grow¬ 
ing  point/’  where  cells  are  being  multiplied  so  fast 
that  the  tissue  is  warmed  by  their  energy ;  the  place  is 
a  fountain  of  new  cells  which  appear  to  press  forward 
like  a  determined  rabble.  But  all  is  orderly.  Each 
of  the  tens  of  thousands  of  individuals  knows  how  to 
place  itself  and  what  to  do.  If  you  stayed  here  a  week, 
you  would  find  that  the  rabble  had  shaped  itself  into 
rows  of  ducts,  and  fibers  of  wood  and  bark,  extending 
the  lines  that  we  have  followed  through  branches  and 
trunk  and  roots.  This  growing  point  is  always  extend¬ 
ing  the  structure  of  the  root  and  pressing  forward 
upon  the  tip,  forcing  it  onward  through  the  soil. 

A  root-end  is  more  to  be  wondered  at  than  a  needle. 
For  a  needle  is  an  establishment  that  is  set  up,  is  out¬ 
fitted  with  apparatus,  and  then  is  kept  in  operation 
for  two  or  three  years.  But  a  root-end  must  continu¬ 
ously  move  on,  forming  an  establishment  behind  it, 
driving  the  tip  through  a  strong  resistance,  renewing 
the  cells  of  the  tip  for  continual  fresh  advance.  It  is 
as  if  a  factory  had  to  spin  out  railroads  and  shops  and 
mills  behind  it  while  projecting  mine  shafts  and  labor¬ 
atories  ahead  of  it.  When  I  try  to  form  some  concep¬ 
tion  of  the  guiding  forces  in  the  midst  of  this  two-way 
whirlpool  of  skill,  I  give  up,  bewildered. 

Will  you  stop  here  and  listen  to  some  prosy  words 
about  the  operations  in  the  tip,  or  will  you  now  con¬ 
sent  to  be  made  small,  so  that  you  may  see  something 
for  yourself?  Science  can  not  reduce  your  size  a  great 
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deal  more.  Just  let  yourself  be  minimized  to  a  tentH 
of  your  present  stature,  till  you  are  one  thirty-thou¬ 
sandth  of  an  inch  tall,  like  one  of  the  smallest  bacteria 
• — that  is  all  that  is  required. 

While  3^ou  were  recovering  from  the  vertigo  of  the 
operation  I  have  been  carrying  you  back  through  the 
rootlet  and  out  into  one  of  the  fine  hairs  that  grow  from 
it.  The  cells  here  are  actually  smaller  than  those 
which  we  saw  in  the  needle,  but  to  you,  in  your  present 
state,  they  show  a  diameter  of  one  hundred  twenty-five 
feet.  Finding  a  passage  between  them  is  possible,  but 
difficult.  We  must  take  our  time,  looking  for  favorable 
places  where  we  can  pry  cells  apart  far  enough  to 
make  way  for  our  bodies.  Gradually,  by  sliding  here 
and  shouldering  there,  we  pass  a  cell,  then  a  second, 
finally  a  seventh.  We  are  at  the  outpost  of  a  tree. 

The  outer  surface  of  this  outermost  cell  is  wrest¬ 
ling  with  a  bit  of  loam  that  is  compressed  between  a 
huge  slab  of  mica  and  a  boulder  of  quartz.  The  loam 
is  in  possession  of  some  molecules  of  water.  It  grasps 
them  greedily  and  tries  to  defend  them.  The  wall  of 
the  cell  presses  close,  squeezing  between  the  loam  and 
its  protecting  slab  and  boulder,  slowly  gathering  the 
loam  in  its  embrace,  drawing  the  filmy  bits  of  water 
by  some  attraction  that  physics  can  not  investigate. 
Slowly,  relentlessly,  powerfully  the  cell  continues  its 
depredation.  The  loam  is  sucked  dry.  The  cell  gath¬ 
ers  together  its  booty  of  moisture,  conveys  it  to  the 
inner  side  of  itself,  and  pushes  it  against  the  outer 
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wall  of  the  next  cell.  This  receives  the  water  and  trans¬ 
fers  it  to  a  third  cell.  The  water  is  passed  thus  from 
hand  to  hand,  through  the  hair,  into  a  fibrous  root,  and 
on  to  a  narrow  tunnel  like  the  one  which  conveyed  us 
down  from  the  needle.  The  water  is  mingled  with 
other  droplets  in  a  stream  which  flows  on,  parallel  to 
the  sap-duct,  on  for  a  hundred  miles,  on  for  a  thousand 
miles,  on  and  on  till  it  is  delivered  to  a  needle  and  used 
in  a  sugar-making  disk. 

The  most  painstaking  study  by  the  cleverest  physi¬ 
cists  has  not  revealed  certainly  how  a  tree  lifts  its 
water  from  root  to  leaf.  No  process  of  capillary  action 
will  account  for  the  lifting  of  a  fluid  through  such  a 
height.  Sir  Jagadis  Chunder  Bose,  after  years  of  care¬ 
ful  examination,  with  the  aid  of  most  ingenious  and 
sensitive  mechanism,  has  concluded  that  water  is  con¬ 
ducted  all  the  way  by  the  action  of  individual  cells, 
which  pulse  rhythmically  and  exert  energy  as  only  living 
creatures  could.  The  learned  world  has  listened  to 
his  theory  respectfully.  It  may  be  correct,  though  the 
^‘mental  picture’’  which  he  promises  is  not  one  that  I 
can  make  out.  I  can  not  even  tell  whether  the  sap  in 
his  picture  is  moving  through  the  interiors  of  cells  or 
in  a  passage  between  cells.  If  the  picture  is  more  life¬ 
like  than  my  untrained  eyes  perceive,  we  shall  learn 
once  more  that  a  tree  is  not  a  system  of  mechanics,  but 
an  army  of  cooperating  lives.  That  is  to  say,  we  have 
made  an  erudite  circle  and  have  arrived  at  a  term 
which  means  that  we  know  nothing  whatever  about 
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the  lives  or  their  cooperation.  We  have  arrived  at  the 
point  where  the  savage  starts  his  explanation  of  the 
spirit  in  a  tree. 

As  we  stand  here  at  the  edge  of  this  marauding  cell 
which  plunders  for  the  maintenance  of  a  chlorophyll 
grain  sixty-five  hundred  miles  away  in  a  needle,  we 
wonder  whence  came  its  piratical  instincts.  It  is  a 
mass  of  inherited  desires  and  abilities.  It  was  born 
of  an  ancestry  of  cells  that  reaches  back  to  a  time,  per¬ 
haps  a  hundred  and  fifty  million  years  ago,  when  this 
genus  of  tree  was  first  evolved  upon  the  earth.  They 
have  left  their  record  in  the  rocks  for  geologists  to 
read. 

The  paleobotanist  deciphers  this  record,  and 
every  syllable  of  his  translation  is  scrutinized  by  rivals 
all  over  Christendom.  The  result  of  their  combined 
translations  is  a  proof  that  this  tree,  Pinus  torreyana, 
was  once  a  flourishing  species,  spread  far  over  the 
earth  ^s  surface.  For  some  reason,  quite  unknown  to 
our  best  scholarship,  the  species  declined  in  strength. 
In  area  after  area  it  dwindled,  shrank,  disappeared. 
Now  the  only  known  remnants  of  the  race  are  small 
clumps  near  San  Diego  and  on  Santa  Rosa  Island,  and 
possibly  some  stray  individuals  at  a  few  other  points. 
This  kind  of  tree  has  all  but  vanished.  It  will  flicker 
out  completely  in  a  few  centuries,  except  as  man  fos¬ 
ters  it.  Why  did  it  die  f 

Here  is  a  flourishing  specimen,  seeming  to  have  un- 
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limited  vitality,  growing  lustily  to  a  great  heiglit.  Its 
vigor  seems  unabated.  Why  does  its  race  not  succeed 
in  the  competition  of  nature  ?  That  is  one  more  secret 
of  our  pine  tree. 


VI 

A  ROUND  TRIP  THROUGH  THE  HEART 
The  Cells  That  Compose  Us 

1  WAS  hungry  when  I  sat  down  to  dinner  with  Doc¬ 
tor  Bradshaw.  After  stowing  away  the  oysters  and 
steak  and  sweet  potatoes  I  still  needed  some  ice-cream 
on  hot  mince  pie,  and  after  that  some  camembert.  ‘‘My 
race  have  always  been  good  feeders,’’  I  remarked  as  I 
dropped  sugar  in  the  coffee. 

He  made  no  reply,  but  gazed  toward  a  crumb  on  the 
table-cloth.  Somehow  he  did  not  appear  to  be  admir¬ 
ing  my  alimentary  powers.  I  wondered  what  he  was 
thinking  about. 

All  I  can  recall  of  the  next  five  seconds  is  that  I 
leaned  forward  to  ask  a  question  about  food,  that  the 
doctor  raised  his  eyes,  and  that  I  was  startled  by  the 
look  in  them  as  they  grew  large  and  bright. 

Yet  there  was  no  sensation  of  being  in  a  dream. 
The  doctor’s  voice  was  as  natural  as  if  we  were  still 
at  the  table.  “You  were  speaking  of  converting  the 
bread  into  the  tissue  of  your  body,  and  you  talked 
in  a  queer  way.  You  seemed  to  think  that  some  bit  of 
bread  was  carried  to  some  hole  in  the  flesh  and  slipped 
into  place.  The  reality  is - ” 
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I  lost  the  rest  because  I  was  forced  into  a  current 
of  an  ocean  and  whirled  swiftly  for  miles  to  the  shore. 
There  was  calm  for  a  moment,  and  the  doctor’s  voice 
went  on.  ‘‘You  are  going  to  have  a  few  glimpses  of 
tissue-building,  so  that  you  won’t  sound  so  much  like  a 
savage  when  you  next  mention  food.  I  am  personally 
conducting  you  on  a  tour  of  your  own  tissues.  Since 
you  seemed  interested  in  the  vast  quantity  of  carbo¬ 
hydrates  you  shoveled  into  yourself,  it  may  be  well  for 
you  to  follow  their  course  for  a  while.  You’ve  started 
in  your  own  stomach  and  are  now  enjoying  the  privi¬ 
lege  of  gazing  at  the  epithelial  lining  of  it.” 

“Thanks  awfully  for  the  privilege.  I’ve  no  doubt 
you  are  being  as  kind  as  you  know  how.  What  am  I, 
anyway?  And  what  sort  of  entertainment  do  you 
expect  me  to  get  out  of  your  show?” 

“You  are  a  bit  of  toasted  roll.  You  are  being 
prepared  for  digestion,  but  you  are  still  a  large  hunk 
of  unaltered  food.  Your  diameter  must  be  as  large  as 
that  of  a  red  corpuscle  in  the  blood.  ’  ’ 

“Say  a  hundredth  of  an  inch  or  so?” 

“Oh,  not  so  huge  as  that!  If  you  were  that  large, 
you  would  be  visible.  You  can’t  be  seen,  man.  You 
are  perhaps  a  half  of  a  thousandth  of  an  inch  wide. 
That’s  very  large  compared  with  what  you  are  going 
to  be  in  a  couple  of  hours.  You’ll  see  the  tissues  better 
as  you  grow  smaller.  But  you  can  get  some  ideas  even 
now.  Look  at  the  lining  of  the  stomach.” 
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I  was  perched  at  the  top  of  a  hundred-foot  pillar, 
composed  of  large,  glittering  bags,  from  each  of  which 
drops  of  liquid  were  being  secreted.  Below  the  base 
of  the  pillar  extended  a  pit  as  deep  as  the  height  of 
the  pillar,  which  was  also  formed  of  the  living  bags 
that  were  as  busy  exuding  and  altering  and  receiving 
particles  as  if  each  was  a  factory  on  its  own  account. 
‘^It’s  one  of  the  little  glands,’^  commented  the  doctor, 
‘^one  of  the  millions.  And  each  gland  is  an  aggregate 
of  several  hundred  living  cells.  Each  cell  knows  how 
to  manufacture  the  very  complex  and  refined  elements 
that  go  to  make  up  the  gastric  juice.’’ 

‘^So  this  is  digestion!”  I  exclaimed  admiringly. 

Let’s  see  more  of  it.  I’d  like  to  go  inside  one  of  the 
cells  of  one  of  the  glands.” 

^^T\Uiat  you  see  here  is  only  a  preparation  for  diges¬ 
tion.  And  digestion  is  not  your  business.  You  have 
no  time  to  spend  with  food.  I’m  going  to  take  you 
through  the  heart  and  lungs  and  out  to  the  skin.  This 
is  the  only  way  you  can  reach  the  highways  that  extend 
all  over  the  body.  You’ll  see  enough  cells  shortly.” 

Thereupon  I  was  swept  forward  through  swift 
miles  of  which  I  have  no  knowledge. 

Gradually  as  I  slowed  down  at  another  surface 
where  other  cells  of  digestive  pillars  and  pits  were 
pouring  out  their  fluids,  I  heard  the  doctor’s  voice  say¬ 
ing,  ‘‘You  have  passed  beyond  the  stomach  and  have 
advanced  about  six  feet  into  the  small  intestine.  I 
want  to  get  you  through  the  wall  of  this  into  the  blood. 
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The  entrance  requirements  are  very  strict,  and  it’s  no 
use  to  try  to  dodge  them.  You  will  have  to  be  reduced 
to  a  certain  kind  of  sugar  before  you  can  pass  this  wall 
and  be  admitted  through  the  next  wall  into  a  capillary. 
That  will  lead  to  a  vein,  which  leads  to  the  heart,  from 
which  you  can  travel  to  the  lungs  and  skin.  ’  ’ 

Perhaps  I  could  squeeze  in  here,”  I  ventured, 
feeling  drawn  to  a  beautiful  cell  that  looked  hospitable. 

Your  thinking  doesn’t  count  in  this  real  life  among 
the  cells  of  animal  tissue.  They  won’t  pay  any  atten¬ 
tion  to  your  wisdom.  Keep  moving  along  here  among 
them.  When  one  of  them  finds  you  suitable,  it  will 
take  you  in.” 

So  I  skirmished  about,  pressing  up  against  these 
gates  to  the  capillaries,  hoping  for  an  invitation  to 
enter.  Three  times  I  felt  one  of  them  yielding  and 
thought  I  was  going  to  press  my  way  through,  but  each 
time  the  wall  hardened  and  turned  me  back. 

^‘It’s  no  use  trying  to  force  things,”  said  the  doc¬ 
tor.  ^‘If  the  cells  weren’t  strict,  any  meal  would  kill 
you.  Some  of  the  fat  that  you  ate  has  to  wait  three 
or  four  hours.  Be  patient.  You’re  about  due.” 

Guess  how  it  would  feel  to  see  yourself  coming 
apart.  Imagine  that  while  you  were  swimming  an  arm 
floated  off,  then  a  leg,  then  an  ear,  then  half  your  head. 
You  would  see  the  various  parts  of  ^^you”  slipping  out 
of  sight  into  the  water,  and  yet  ^^you”  would  remain 
as  much  of  a  personality  as  ever.  Such  was  my  expe¬ 
rience  as  I  was  drifted  more  and  more  slowly  along  the 
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walls  of  cells  which  blocked  my  entrance  to  the  capil¬ 
laries.  I  felt  no  pain ;  in  fact  the  breaking  up  of  my¬ 
self  was  rather  pleasant.  But  it  was  alarming  to  a 
human  ego  trapped  in  a  digestive  operation. 

Doctor/’  I  called,  ‘^what’s  happening  to  me! 
What  am  I !  ” 

I  was  growing  so  small  that  the  cells  seemed  like 
sky-scrapers.  They  began  to  loom  like  whole  city 
blocks,  and  were  rapidly  becoming  as  big,  compared 
with  my  size,  as  small  mountains.  ^‘What’s  happening 
to  the  cells?”  I  roared. 

The  doctor’s  reply  was  in  the  tone  he  uses  when 
talking  to  a  nervous  patient.  ‘^Nothing  is  happening 
to  the  cells.  You  are  growing  smaller.  You  are  under¬ 
going  a  reduction  by  pancreatic  juice,  so  that  you  can 
be  taken  into  the  circulation.  Keep  cool.  You’ve  got 
to  be  reduced  a  lot  more  still.” 

‘^How  small  am  I  now!” 

‘^Oh,  about  a  hundred  times  smaller  than  a  red 
corpuscle  in  the  blood  that  you  are  going  to  visit.  You 
call  them  small  because  if  you  laid  them  out  flat,  just 
touching  one  another,  you  would  have  to  have  ten  mil¬ 
lion  to  cover  a  square  inch.  But  they  aren’t  small  in 
your  alimentary  system.  In  all  the  yards  of  mem¬ 
brane  that  deal  with  your  food  there  isn’t  a  square 
millimeter  anywhere  that  would  allow  such  a  big  lump 
of  matter  as  a  red  corpuscle  to  pass  through.  That 
membrane  is  built  of  cells,  as  if  they  were  very  small 
living  bricks  in  a  vast  wall.  Each  cell  is  only  about 
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twice  as  large  as  a  red  corpuscle.  It  has  an  individu¬ 
ality  of  its  own,  and  is  a  very  subtle,  intricate  organ¬ 
ism.  Every  cell  is  on  guard  against  fluids  and  infin¬ 
itesimal  particles  of  food.’^ 

‘‘Do  you  mean.  Doctor,  that  all  of  that  dinner - ’’ 

“Yes,  every  billionth  part  of  every  ounce  of  the 
carbohydrates  in  the  toast  has  to  be  reduced  to  its 
finest  elements  and  converted  into  sugar  and  dissolved, 
and  then  has  to  pass  a  minute  inspection  before  it  can 
even  start  on  its  journey  to  build  tissue  in  your 
system.  ’  ’ 

“Dissolved,  Doctor?  Surely  I’m  dissolved  by  this 
time !  ’  ’ 

“You’ve  only  begun  to  dissolve.  You  have  never 
conceived  what  a  ‘solution’  is.  When  you  began  this 
trip,  as  a  morsel  about  the  size  of  a  red  corpuscle,  you 
were  a  vast  structure,  made  of  hundreds  of  millions  of 
molecules.  You  can’t  be  dissolved  until  you  are  all 
separated  into  your  molecules.  A  solution  is  a  set  of 
molecules  in  a  liquid,  moving  freely,  as  if  they  were  in 
a  gas.  What’s  more,  in  a  digestive  solution  the  coars¬ 
est  kinds  of  molecules  may  not  be  tolerated.  Some  have 
to  be  reduced  chemically  and  simplified  before  the  cells 
will  take  them  in.” 

The  hearty  dinner  at  the  restaurant  seemed  to  me 
now  as  big  as  the  earth.  It  was  stupefying  to  think 
of  the  infinity  of  operations  I  had  set  going.  But  I 
was  still  a  human  egoist,  concerned  about  my  own 
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molecular  self.  ‘‘How  much  farther  do  I  have  to  he 
refined  before  I  can  pass  muster  T’ 

“Till  one  of  these  ‘little^  cells  looks  five  miles  wide 
to  you.^^ 

I  was  dwindling  rapidly  and  was  too  much  inter¬ 
ested  in  the  process  to  ask  further  questions.  The 
sensation  was,  in  one  way,  like  rising  from  the  ground 
in  an  airplane.  I  could  not  realize  that  I  was  growing 
small,  but  felt  as  if  the  front  of  the  cell  where  I  had 
come  to  rest  was  extending  itself  in  all  directions.  I 
lost  sight  of  its  edges.  I  began  to  see  the  fine  strands 
in  the  gleaming  fluid  that  swirled  behind  the  transpar¬ 
ent  wall  of  the  cell.  Yet  the  wall  showed  no  opening. 
Even  when  I  could  examine  it  with  eyes  that  saw  more 
minutely  than  an  ultra-microscope,  its  surface  looked 
as  impervious  as  skin  does  to  a  human  eye. 

The  cell  appeared  to  stretch  up  and  out,  up  and  out. 
I  dwindled  till  I  seemed  to  have  nothing  for  my  “self’^ 
to  stay  in.  Then  came  a  queer  bump  as  an  atom  was 
added,  and  instantly  I  found  myself  sinking  gently 
into  a  yielding  surface,  as  if  I  had  been  a  football 
drawn  slowly  through  a  hundred-yard  embankment  of 
bobbing  baseballs.  I  was  a  molecule  of  sugar  being 
hustled  along  by  the  molecules  of  the  wall  of  the  cell. 

Over  and  over  I  was  whirled  till  I  had  been  con¬ 
veyed  through  this  outer  wall  of  the  cell.  On  through 
the  liquid  that  filled  the  cell  I  was  propelled.  Then  I 
was  dragged  through  the  opposite  wall.  Here  I  found 
myself  in  an  entirely  different  sort  of  liquid,  a  lymph 
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that  flowed  in  the  spaces  between  the  cells.  This 
floated  me  ahead  in  the  same  direction  toward  an 
entirely  different-looking  cell  beyond. 

^‘Yon  have  been  drawn  to  the  inside  of  the  lining 
of  the  intestine,  and  are  now  being  shipped  across  to 
the  end  of  the  very  last  extension  of  a  capillary.  The 
w^all  of  the  capillary  is,  of  course,  formed  of  cells. 
Every  part  of  your  flesh  is  built  of  these  cells.  Please 
excuse  my  repeating  that  every  one  of  these  is  like  a 
separate  organism;  each  is  equipped  with  a  compli¬ 
cated  apparatus  for  reproduction.  These  cells  are  as 
varied  and  intricate  in  their  functions  as  the  plants 
and  animals  that  you  might  see  in  a  day^s  walk.  The 
capillary  that  you  are  approaching  is  a  tube  formed  of 
cells.  You  see  that  they  are  diamond-shaped  and  have 
jagged  edges. 

I  was  floated  slowly  past  five  of  the  cells  in  the 
capillary  wall,  not  one  of  which  seemed  interested  in 
me.  But  the  sixth  drew  me  to  it  and  began  squeezing 
me  through  itself.  It  was  thinner  and  more  yielding 
than  the  cell  of  the  intestine  wall. 

Now  at  last  I  was  in  the  blood  stream.  To  me,  as  a 
molecule  of  mere  food,  the  company  in  which  I  now 
leaped  about  was  full  of  the  strangest  mysteries. 
Something  removed  an  atom  from  me,  and  something 
else  added  other  atoms,  and  several  somethings 
brought  up  molecules  similarly  altered  and  built  them 
on  to  me.  I  grew  so  large  that  I  could  make  out  a  red 
corpuscle  floating  over  me  like  a  hull  of  an  immense 
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steamer.  I  could  see  that  it  was  gliding  through  a  kind 
of  pipe  not  much  larger  in  diameter  than  itself. 

‘‘Watch  that  oxygen  cargo  unload,’’  said  the  doctor. 

I  saw  a  shadowy  cluster  of  pair-molecules  of  oxy¬ 
gen  flow  from  the  top  of  a  corpuscle  and  melt  outward 
through  the  wall  of  the  capillary.  The  corpuscle,  which 
had  been  bright  and  of  a  reddish  hue,  darkened  at  once 
to  a  bluish  tone,  gave  a  shivering  motion,  and  pro¬ 
ceeded  on  its  way. 

It  was  carried  by  the  current  of  blood  that  forced 
me  along  at  the  same  rate.  ‘  ‘  This  capillary,  ’  ’  the  doc¬ 
tor  explained,  “is  less  than  a  sixteenth  of  an  inch 
long,  and  you  will  not  be  in  it  more  than  a  second  or 
two — as  human  time  and  distance  go.  But  fortunately 
you  can  see  and  hear  about  a  hundred  times  as  fast  in 
the  microscopic  spaces  as  you  can  at  home.  All  the 
work  of  the  blood  is  done  in  these  fine  meshes  of  capil¬ 
laries.  Look  there!” 

Across  the  tube  from  me  two  cells  were  being  pried 
apart.  A  white  corpuscle,  nearly  twice  as  big  as  a  red 
one,  had  lengthened  himself  like  an  earthworm,  in¬ 
serted  the  point  of  himself  at  the  suture  where  two 
cells  joined,  and  was  forcing  his  way  between  them. 
When  a  third  of  his  stretched-out  body  was  through, 
he  pumped  part  of  himself  into  it,  forming  a  bulb  out¬ 
side  the  capillary.  Soon  he  had  wormed  himself  en¬ 
tirely  through  and  gone  out  of  sight  in  the  spaces 
between  some  flesh-cells. 
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it  suicide/^  I  asked,  ‘‘or  escape  from  jailT^ 

“It^s  a  job  in  No-man’s  Land,  under  orders  to 
gather  in  an  enemy  microbe  and  swallow  him.  The 
corpuscle  will  succeed — and  never  get  back.  Call  it 
suicide  if  you  like.” 

I  reached  the  point  where  the  capillary  became 
larger  and  its  walls  thickened.  The  blood  from  three 
capillaries  flowed  together  here.  “It’s  the  beginning 
of  a  vein,”  said  the  doctor.  “Now  for  some  speed.” 

Our  veinlet  was  joined  by  another ;  the  wall  of  our 
tunnel  grew  still  thicker;  the  current  of  blood  grew 
larger  and  swifter.  “Excuse  the  lack  of  scenery  for 
a  while,”  was  the  doctor’s  comment.  “There’s  nothing 
done  in  the  veins  or  arteries;  they  are  just  big  pipes 
for  carrying  the  circulation  to  the  points  where  work 
is  done — that  is,  where  the  pipes  spread  out  into  capil¬ 
laries.” 

The  blood  stream  was  soon  of  a  size  that  seemed  as 
big  as  a  dozen  Mississippi  Rivers  and  as  fast  as  an  air¬ 
plane.  The  bulk  of  the  solid  part  of  the  stream  was  the 
red  corpuscles,  most  of  which  had  now  given  up  their 
oxygen  and  were  dark  colored.  “This  blood  in  the 
veins,”  the  doctor  explained,  “is  ‘blue’  because  the  red 
corpuscles  lack  oxygen.  It  isn’t  so  much  more  impure 
than  the  blood  in  the  arteries.” 

The  liquid  in  which  all  these  floated  was  like — 
nothing  that  a  human  being  can  use  for  comparison. 
If  you  will  imagine  a  flood  of  intelligent  forces — quick, 
wise  spirits  gliding  and  darting  for  a  thousand  unfail- 
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ing  purposes — you  will  have  a  notion  of  the  impression 
I  got.  Pages  could  not  tell  of  the  subtle  elements, 
always  ready,  in  every  least  droplet,  to  form  a  clot 
instantly  if  any  blood  escapes  from  a  vein  through  a 
wound.  Even  if  I,  in  my  molecular  size,  had  had  a 
molecular  microscope  and  plenty  of  time,  I  could  not 
have  made  out  the  hundreds  of  antitoxins  always  ready 
everywhere  for  enemies,  nor  the  dozens  of  reagents 
always  at  hand  for  assisting  processes  in  the  capil¬ 
laries,  nor  the  hormones  and  enzymes  that  were  at  the 
call  of  any  cell  which  needed  them  at  any  instant.  A 
drop  of  blood-plasm  would  make  a  laboratory  look 
simple  and  clumsy. 

‘^Perhaps  you’d  like  to  see  a  map  of  the  journey 
you  are  going  to  take.  It’s  not  complicated,  but  there 
are  going  to  be  so  many  different  sights  in  a  short  time 
that  they  will  seem  jumbled  unless  you  know  the  route. 

First  all  this  blood  that  has  been  to  the  capillaries 
in  the  alimentary  walls  has  to  go  to  the  liver  to  be 
worked  upon.  There  it  is  spread  out  again  in  fine  cap¬ 
illaries,  only  wide  enough  to  allow  one  or  two  red  cor¬ 
puscles  to  pass  abreast.  They  are  meshed  with  an¬ 
other  set  of  capillaries  containing  blood  that  has  just 
come  in  arteries  from  the  heart.  You  will  be  passed 
from  this  mesh  into  veins  that  will  take  you  to  the 
heart.  The  heart  will  pump  you  in  and  out  so  fast 
that  you  will  have  no  time  for  the  scenery.  You  will 
be  shot  from  the  right  side  of  the  heart  over  to  the 
lungs,  the  most  scenic  bit  of  this  trip;  then  back 
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through  the  left  side  of  the  heart,  and  so  out  to  the 
general  circulation. 

Watch  out!  Get  ready  for  a  spin  through  the 
liver.  And  for  heaven’s  sake,  if  you  hope  to  get  past 
it,  try  to  keep  in  the  middle  of  the  capillaries.  If  a 
cell  in  a  liver  lobule  grabs  you,  you  may  have  to  do  time 
there  for  days,  or  even  weeks.” 

I  was  in  a  small  vein,  which  became  a  smaller  vein, 
and  much  smaller  still,  till  it  was  an  ultimate  veinlet 
at  the  surface  of  one  of  the  wads  of  capillaries  called 
^Hobules.”  Within  this  maze  the  veinlet  forked  into 
two  capillaries,  and  I  glided  slowly  through  a  tube 
that  was  just  big  enough  to  accommodate  separate  cor¬ 
puscles.  Close  to  us,  and  running  parallel  with  us,  was 
another  capillary,  in  which  many  of  the  red  corpuscles 
were  bright  with  oxygen.  The  course  of  this  veered 
suddenly  toward  our  capillary  and  ran  into  ours,  pour¬ 
ing  its  stream  into  ours. 

This  was  not  the  worst  of  the  complications.  For 
a  quite  different  set  of  tubules  was  meshed  with  our 
capillaries,  and  we  threaded  our  way  between  cells  that 
seemed  to  have  us  at  their  mercy.  They  were  taking 
out  oxygen  and  sugar  for  their  uses,  and  pushing  into 
us  dead  corpuscles  and  dissolved  sugar — till  I  lost  all 
power  to  follow  wUat  was  happening. 

In  fact  I  was  not  free  to  watch.  I  had  come  in  con¬ 
tact  with  a  cell  that  began  to  drag  me  out  of  the  stream. 
‘^Roll,  roll !  ”  shouted  the  doctor.  So  I  rolled  my  might¬ 
iest,  away  from  the  attraction  of  the  cell.  I  escaped 


A  BOUND  TRIP  THROUGH  THE  HEART  137 


and  was  carried  beyond  danger  into  the  veinlet  that 
led  away  from  the  lobule.  Soon  we  were  in  the  great 
vein  that  was  to  bear  us  to  the  heart. 

^^The  liver  — the  doctor  ^s  lecture  voice  had  been 
restored — ^Hhe  liver  picks  up  bits  of  sugar  like  you, 
converts  them  into  glycogen,  and  stores  them  up  as  a 
reserve  of  food.  It’s  the  great  warehouse  of  tissue 
supply.  The  poor  bit  of  sugar  that  is  now  ‘you’ 
wouldn’t  have  had  a  chance  in  the  world  if  the  mon¬ 
strous  over-fed  body  of  the  human  you  had  needed 
food.  But  the  gormandizing  human  being  had  so  much 
surplus  stock  on  its  liver  shelves  that  there  wasn’t 
much  demand  for  sugar.  You  could  slip  by.  Now  you 
have  nothing  to  worry  about.  Here’s  the  heart.” 

The  current  was  sharply  checked,  so  that  I  felt 
compressed  for  a  moment,  and  then  sucked  forward 
with  a  booming  rush.  The  current  was  turned  into  a 
boiling  whirlpool.  The  next  moment  it  was  clamped 
into  stillness  by  a  pressure  that  brought  every  particle 
to  a  standstill.  The  pressure  was  as  quickly  released, 
and  we  poured  down  in  a  solid  torrent  to  a  cavern 
where  there  was  another  pressure  and  another  release. 

“Now  you’re  oif  for  the  lungs.  It’s  the  prettiest 
sight  in  the  body.” 

Once  more  I  was  rushed  in  a  bounding  flood,  with 
more  force  and  more  speed  than  in  the  veins.  In  them 
I  had  been  sucked  forward;  here  I  was  driven  from 
behind  by  the  stroke  of  the  heart-beat.  Again  I  passed 
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into  ever  smaller  and  smaller  arteries,  and  to  arteri¬ 
oles  which  divided  into  capillaries. 

Pretty’’  was  the  word.  The  sheath  of  each  capil¬ 
lary  ran  close  alongside  the  wall  of  a  compartment  that 
was  full  of  air  under  pressure.  As  the  corpuscles 
slipped  by,  they  threw  oft  their  carbon  waste  and  re¬ 
ceived  a  load  of  oxygen.  Each  one  acted  as  if  it  were 
a  flat  basket  with  a  net-work  cover.  Into  this  the  oxy¬ 
gen  was  squeezed,  chemically  combined  with  the  con¬ 
tents  of  the  basket,  and  carried  off.  As  the  combina¬ 
tion  took  place,  each  corpuscle  lighted  up  with  a  reddish 
glare  and  seemed  to  show'  a  kind  of  buoyant  pleasure. 
All  about  me  I  could  see  in  the  filmy  tissues  of  the 
lungs  these  capillary  canals  where  dark  corpuscles 
floated  along  the  compartment  walls;  I  could  see  the 
thousands  of  them  flashing  up  in  brightness  and  speed¬ 
ing  on  toward  the  vein  that  was  to  return  them  to  the 
left  side  of  the  heart. 

I  passed  through  the  upper  chamber  of  the  left  side 
of  the  heart,  into  the  lower  chamber,  and  so  out  into 
the  great  artery  which  distributes  oxygen-bearing 
blood  to  the  whole  body. 

Where  do  I  go  from  here.  Doctor!” 

<< There’s  no  telling.  It’s  a  go-as-you-please  now 
for  a  while.  The  great  trunk  arteries  open  from  this 
‘aorta’  in  quick  succession.  You  might  be  carried  up 
to  the  brain,  or  back  around  the  stomach  walls  again, 
or  down  to  a  big  toe.  There’s  no  telling.” 
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I  shot  off  to  one  side.  The  speed  slackened.  ‘‘Great 
luck!’^  purred  the  doctor.  “You^re  headed  for  the 
kidneys.’^ 

“Can’t  say  the  destination  thrills  me,”  I  answered. 

“If  that  is  all  you  care  about  a  view  of  the  most 
intricate  gland  in  the  body,  I  shall  not  trouble  to  ex¬ 
plain  it.  To  me  it  is  worth  all  the  rest  of  the  trip.  ’  ’ 

And  so  I  was  passed  into  a  tiny  artery  that  wound 
itself  round  and  round  into  a  ball.  Beyond  this  it  broke 
up  into  capillaries  which  interlaced  with  tubules  no 
bigger  than  themselves.  I  could  see  that  bits  of  waste 
were  being  forced  out  of  our  stream  of  blood  by  the 
cells  of  the  capillary,  and  shoved  into  the  tubules 
beyond. 

I  reached  a  veinlet,  was  drawn  along  to  a  larger 
one,  and  soon  found  that  I  was  once  more  on  the  way 
to  the  heart.  There  I  was  again  pumped  to  the  lungs, 
back  to  the  left  side  of  the  heart,  out  once  more  into 
the  main  artery.  This  time  I  was  in  a  portion  of  the 
current  that  led  upward,  then  outward,  and  down 
through  the  arm  to  the  palm  of  the  left  hand. 

“More  capillaries  coming,  I  suppose.” 

“You  show  real  intelligence.  Congratulations!  The 
blood  stream  must  always  come  to  capillaries.  The 
whole  circulation  exists  for  the  purpose  of  spreading 
the  blood  out  as  thin  as  possible,  exposing  it  to  oxygen 
or  to  cleansing  cells,  to  cells  that  need  food,  or  to  cells 
that  have  waste  to  discharge.  All  work  is  done  by  cells 
in  the  capillary  meshes,  where  the  blood  slips  along 
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very  slowly  and  where  the  corpuscles  and  cells  can 
establish  connection.’^ 

We  floated  to  the  last  reach  of  the  subdivided  artery 
and  out  into  a  capillary  of  the  skin.  We  vrere  along¬ 
side  a  convoluted  duct  that  reminded  me  of  something. 
‘‘Why,  it  looks  like  the  tubing  in  the  kidney.” 

“Not  so  bad,”  the  doctor  replied.  “It’s  a  sweat 
gland.  If  it  is  called  upon  in  an  emergency,  it  can  do  a 
kidney’s  work.  See  it  discharge  water.  Perhaps  you 
never  thought  that  you  have  a  couple  of  million  of 
these  organs  working  through  your  skin,  and  that  every 
one  is  a  complicated  structure  of  highly  intelligent 
cells,  and  that  every  cell  has  to  be  served  by  the  capil¬ 
laries  in  which  blood  is  passed  from  the  end  of  an 
artery  to  the  end  of  a  vein,  for  a  return  trip  to  the 
heart  and  lungs.” 

“No,”  I  confessed,  “I  never  thought  anything 
about  it.” 

“You  never  realized  that  the  blood  in  your  body 
can  make  the  round  trip — capillaries  to  lungs  and 
back  to  capillaries — in  half  a  minute;  that  all  your 
blood  has  to  go  through  your  lungs  two  thousand  times 
a  day.  You  never  took  any  interest  in  twenty  million 
times  a  million  red  corpuscles,  with  a  total  surface  of 
three  thousand  square  yards,  that  carry  loads  of  oxy¬ 
gen  to  keep  you  alive.” 

I  remember  wondering  whether  the  doctor  had 
made  the  number  a  million  times  too  great. 
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^^Yon  never  heard  that  these  oxygen-carriers  are 
horn  within  the  marrow  of  some  of  the  larger  bones, 
created  there  in  millions  every  day,  and  that  they  wear 
themselves  ont  in  a  week  or  two  by  lugging  the  loads  to 
digest  hearty  meals.  I  suppose  the  story  of  the  white 

corpuscles  wouldn’t - ” 

And  there  I  sat  at  the  restaurant  table,  so  confused 
by  the  unexpected  return  from  my  own  arteries  that  I 
lost  what  the  doctor  said  about  white  corpuscles.  In 
my  flurried  state  of  mind  I  was  afraid  to  ask  him  to 
repeat.  If  it  were  not  so  much  trouble  I  should  look 
up  the  white  corpuscles  in  an  encyclopedia. 


VII 

RAISING  MY  ARM 


The  Cells  That  Obey  Our  Orders 

When  I  lift  my  hand  eight  inches  and  turn  a  leaf  of 
the  novel  I  am  reading,  I  put  into  operation  more 
forces  than  science  will  ever  explain.  Indeed,  they  are 
so  numerous  and  ineffable  that  science  will  never  com¬ 
plete  the  mere  listing  of  them.  The  human  intellect 
can  not  know  much  about  the  mysteries  that  are  in  the 
action  of  a  muscle. 

All  our  philosophers,  after  twenty-five  centuries  of 
ardent  analysis,  can  not  determine  whether  I  resolve 
to  turn  the  leaf  or  whether  is  just  a  name  for  the 
joint  action  of  some  neuronic  forces.  Our  psycholo¬ 
gists  have  no  conception  of  what  an  is.  So  noth¬ 
ing  can  be  said  of  the  origin  of  this  motion  of  my  arm. 
It  simply  appeared  from  a  region  as  unexplored  as 
heaven. 


1.  The  Nerve-Cells 

When  the  motion  came  into  a  material  world,  it  was 
an  impulse  of  some  sort  in  the  outer  layer  of  the  cen¬ 
tral  portion  of  the  top  of  my  brain.  Of  course,  anat¬ 
omy  does  not  know  the  exact  location  of  the  spot;  it 
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simply  lias  some  evidence  that  the  motion  was  propa¬ 
gated  from  somewhere  in  that  neighborhood. 

It  is  a  curious  place,  this  region  from  which  the 
motion  came.  It  is  the  gray  matter,  a  pulpy  blanket, 
closely  fitting  all  the  convolutions  of  the  surface  of  the 
brain,  not  more  than  a  quarter  of  an  inch  thick  in  its 
deepest  parts  and  only  a  tenth  of  an  inch  in  the  more 
shallow  parts.  It  covers  a  total  area  about  eighteen 
inches  square.  Like  all  the  tissues  of  my  body,  it  is  a 
mass  of  living  cells,  estimated  to  be  more  than  nine 
billion  in  number.  Any  curious  reader  may  at  this 
point  pull  out  his  pencil  and  calculate  the  average 
amount  of  cubic  space  allotted  to  each  cell.  I  would 
gladly  save  him  the  trouble  if  such  figures  were  not 
considered  bad  form  by  the  other  readers.  But  they 
might  tolerate  a  diagram  of  the  dimensions — thus;  a 
leaf  of  this  book  is  one  one-hundred-fiftieth  of  an  inch 
thick;  across  the  edge  of  the  leaf  four  of  the  cubic 
spaces  could  lie  side  by  side.  The  cell  that  resides  in 
this  space  is  anything  but  cubical ;  nor  is  it  a  formless 
mass.  In  shape  it  resembles  a  bit  of  delicate  sea-moss, 
ramifying  from  a  small  base  in  filaments  of  extreme 
tenuity  that  interlace  with  the  filaments  of  other  cells. 

You  may  now  make  your  best  guess  as  to  whether 
the  motion  of  my  arm  originated  in  the  base  of  one  of 
these  cells  (not  a  thousandth  of  an  inch  in  diameter), 
or  in  a  phalanx  of  them,  or  somewhere  between  them, 
or  in  some  place  outside  the  skull  which  better  suits 
your  pride  in  the  human  intellect.  When  you  have 
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guessed  you  will  know  as  much,  as  all  science  knows, 
and  you  will  have  gone  far  toward  deciding  what  an 
ego  is  and  where  it  resides.  For  my  part,  I  give  it  up. 
To  conceive  that  I  am  outside  of  my  brain-cells  is  im¬ 
possible  ;  to  imagine  that  I  dwell  within  them  is  impos¬ 
sible.  The  source  of  muscular  activity  is  beyond  the 
reach  of  the  mind. 

Let’s  assume,  in  order  to  get  a!  start  in  a  tangible 
world,  that  the  impulse  to  turn  a  leaf  has  somehow 
embodied  itself  in  a  certain  one  of  the  mossy  bits  which 
compose  my  gray  matter.  This  is  an  intricate  assem¬ 
blage  of  protoplasm,  like  all  the  trillions  of  cells  in  my 
other  tissues;  and  it  has,  like  them,  a  nucleus  which 
directs  the  complicated  and  refined  operations  of  the 
whole  structure.  But,  unlike  them,  it  has  maintained 
its  identity  ever  since  it  was  born  in  my  embryo — that 
is,  it  has  never  been  renewed  by  subdivision  into  daugh¬ 
ter  cells.  Nor  has  it  confined  itself  to  one  allotted  bit 
of  space ;  all  through  my  life  it  has  been  spreading  its 
branches  farther  out  and  forming  more  connections 
with  neighboring  cells. 

No  doubt  I  seem  to  personify  these  particles  of  my 
brain  too  much.  Yet  I  do  no  more  than  repeat  what  is 
said  by  the  men  whose  lives  are  spent  in  physiology. 
Their  conviction  grows,  in  spite  of  some  recent  reports, 
that  nerve-cells  are  ^independent,”  that  there  is  never 
any  growing  together  to  form  continuous  fiber,  but 
that  each  cell  retains  its  individuality  and  is  merely  in 
contact  with  its  neighbors.  ^^The  brain”  becomes  to 


EAISING  MY  ARM 


145 


a  physiologist  just  an  abstraction,  with  no  more  mean¬ 
ing  than  a  telegraph  office  would  have  if  there  were 
no  operators  in  it.  The  cells  are  the  realities  that  con¬ 
vey  impulses.  Each  is  an  organism,  with  a  life  and  a 
wisdom  and  an  initiative  of  its  own. 

I  know  not  how  to  convey  to  a  skeptical  reader  this 
conception  of  a  cell  as  the  seat  of  all  our  powers  of 
motion.  However  glorious  a  psychic  entity  my  ego 
may  be  in  the  domain  of  philosophy  and  religion,  it  is 
infinitely  ignorant  and  clumsy  in  its  contact  with  mat¬ 
ter.  It  has  not  the  slightest  ability  to  move  itself.  It 
has  no  knowledge  whatever  of  how  to  appropriate  food. 
It  can  not  put  one  memory  and  one  memory  together. 
There  is  no  activity,  muscular  or  mental,  in  which  it 
has  the  slightest  skill.  All  that  my  pompous  psyche 
can  do  is  to  call  upon  the  skill  and  wisdom  that  are  in 
the  cells.  They  alone  know  how  to  record  impressions, 
how  to  supply  sugar  and  oxygen  to  the  tissue,  how  to 
smell,  how  to  turn  a  leaf.  I  can  guess  that,  if  the  whole 
truth  were  known,  they  read  the  novels  and  make  the 
astronomical  calculations.  They  alone  can  come  to 
grips  with  the  universe  through  which  I  flounder ;  they 
alone  understand  how  to  mediate  between  it  and  the 
nebulous  monster  that  is 

If  this  brief  study  of  a  muscular  action  can  teach 
some  respect  for  cells,  it  will  accomplish  its  purpose. 
For  I  am  not  much  concerned  about  dimensions  or  oxi¬ 
dation  processes.  My  own  profit  in  learning  about 
muscles  has  come  from  the  view  I  get  of  my  Gargan- 
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tuan  intellect  and  the  blind  way  in  which  it  supposes 
that  the  energy  of  the  world  operates  in  bulk.  No  work 
can  be  performed  in  the  large.  Every  change,  of  mat¬ 
ter  or  of  mind,  is  effected  by  excessively  small  agents 
that  can  grapple  with  individual  atoms  in  spaces  far 
beyond  our  crass  senses.  The  actual  labor  of  raising  a 
finger  is  executed  by  subtleties  beyond  my  ken. 

Now  we  shall  follow  this  motor  impulse  as  it  travels 
away  from  its  intellectual  home.  It  is  in  a  nerve  fiber. 
This  is  a  series  of  cells  which  are,  essentially,  similar 
to  those  in  the  brain.  Each  of  its  filaments  is  a  receiv¬ 
ing  device  that  can  conduct  impulses  only  toward  the 
center.  For  conducting  impulses  outward  to  another 
cell  there  is  only  one  branch,  called  an  ‘^axon.^’  The 
impulse  to  turn  a  leaf  of  a  novel  went  out  of  the  brain 
along  some  axon,  was  received  from  this  by  the  fila¬ 
ments  of  an  adjoining  cell,  was  carried  along  by  them 
to  the  center  of  that  cell,  was  sent  out  on  the  axon  of 
that  cell,  was  caught  from  this  by  the  filaments  of  a 
third  cell,  and  so  on  by  a  series  of  transfers  till  the 
original  order  for  motion  was  finally  delivered  to  my 
biceps  and  forearm  and  fingers.  An  anatomist  who 
had  a  ^Gaid  end  to  end^’  mind  could  estimate  rather 
accurately  how  many  cells  were  engaged  in  forwarding 
my  motor  impulse  one  foot.  The  time  necessary  for 
these  successive  transfers  of  the  message  over  one 
foot  has  been  measured — about  one  four-hundredth  of 
a  second.  Arithmetic  shows  that  each  cell  had  less 
than  a  hundred-thousandth  part  of  a  second  for  the 
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accurate  transmission  of  my  autocratic  desire  to  see 
the  next  page. 

We  are  talking  of  ^‘an’’  impulse,  as  though  I  had 
ordered  some  one  specific  and  indivisible  task.  But  in 
reality  I  ordered  a  great  complication  of  tasks.  My 
biceps,  for  the  simplest  example,  can  not  act  alone  to 
raise  my  arm ;  it  is  balanced  by  and  acts  against  other 
muscles.  Many  muscles  about  my  shoulders  and  ribs 
had  to  be  summoned  to  correlated  endeavor,  else  my 
arm  would  have  acted  wildly.  Forearm  and  wrist  and 
fingers  had  to  receive  subsidiary  orders,  else  the  leaf 
could  never  had  been  seized  properly  at  its  edges.  And 
these  are  only  the  most  obvious  of  the  complications. 
The  order  which  started  so  simply  as  an  impulse  of  my 
will  had  to  be  expanded  and  interpreted  and  distribu¬ 
ted  by  the — who  knows  f  It  may  have  been  handled  in 
my  cerebellum,  which  issued  a  dozen  orders,  all  un¬ 
known  to  me,  for  the  actual  intricacies  of  fulfilling  my 
wish.  The  spinal  cord  must  have  received  some  of 
these  for  further  subdivision  and  retransmission  to 
the  several  subconscious  stations.  All  these  unthink¬ 
able  complications  were  arranged  for  smoothly  and 
promptly  by  hundreds  of  thousands  of  faithful  nerve- 
cells  whose  skill  eludes  the  most  painstaking  investiga¬ 
tion.  Their  lives  are  spent  in  saving  work  for  my 
cerebrum.  Some  of  them  will  learn  to  turn  leaves 
without  the  help  of  my  consciousness,  so  that  I  can 
continue  my  reading  to  the  top  line  of  the  next  page 
untroubled  by  issuing  orders  to  my  arm.  The  cells 
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will  not  interfere  with  my  will.  They  leave  me  free  to 
turn  or  not  as  I  choose.  But  they  will  obligingly  see  to 
the  turning  if  I  am  preoccupied  with  the  remark  that 
the  glowering  Benito  is  making  to  the  brave  little 
Nancy  at  the  bottom  of  page  173. 

Their  channels  of  impulse  intercommunicate  so 
mazily  that  no  research  has  charted  them  in  any  detail. 
All  we  can  do  in  this  chapter  is  to  trace  some  one  item 
in  the  impulse  and  suppose  that  it  reaches  the  biceps 
muscle.  This  vast  bundle  can  not,  as  a  whole,  accom¬ 
plish  the  raising  of  my  arm — any  more  than  the  Rocky 
Mountains  could  play  the  piano.  It  is  nothing  but  a 
mass  of  the  units  that  are  able  to  utilize  energy.  It  is 
a  mere  container  of  the  skilled  operatives,  the  fibers, 
lying  parallel,  like  wires  in  a  cable — more  than  half  a 
million  of  them.  They  act  in  concert. 

2,  The  Muscle-Fibers 

If  we  wish  to  see  how  the  whole  biceps  works,  we 
must  fix  attention  on  one  of  these  fibers.  The  diameter 
of  the  larger  ones  is  about  a  third  of  the  thickness  of 
the  leaf  on  which  you  are  now  reading.  Each  is  a 
slender  cylinder  several  hundred  times  as  long  as  its 
diameter.  Of  course,  each  one  is  composed  of  cells. 
Every  cell  is  a  highly  organized  individual  which 
maintains  a  system  of  nutrition,  which  can  perform 
chemical  operations  far  subtler  than  any  laboratory  is 
capable  of,  and  which  has  nuclei  for  reproducing  itself 
as  if  it  were  a  separate  animal. 
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If  some  good  fairy  should  dissect  for  us  one  of  the 
larger  fibers,  more  than  an  inch  long,  and  stretch  it  on 
a  favorable  background,  it  would  be  invisible  because 
of  its  slenderness.  If  we  magnify  the  fiber  five 
hundred  times,  till  it  is  fifty  feet  long,  the  width  will 
become  a  whole  inch,  and  we  may  see  something  of 
what  the  anatomists  know  about  muscle.  We  can  now 
make  out,  if  we  squint  closely,  that  the  fiber  is  banded 
in  layers.  It  looks  as  if  it  were  made  of  disks,  each 
less  than  a  thirty-secondth  of  an  inch  in  thickness,  al¬ 
ternately  light  and  dark.  That’s  all  you  can  see. 

To  ask  for  further  magnifying  is  rather  extrava¬ 
gant,  but  we  may  have  another  enlargement  of  ten 
times  if  we  insist.  This  fiber  of  muscle — one  of  the 
millions  that  helped  to  turn  the  leaf  of  my  novel — was 
far  too  slender  to  be  seen ;  it  is  now  a  cable  ten  inches 
in  diameter  and  five  hundred  feet  long.  The  disks  of 
which  it  is  composed  are  now  almost  a  third  of  an  inch 
in  thickness.  Yet  you  can  not  see  much.  Wliat  will 
you  ask  for  next  if  you  wish  to  pry  farther  into  the 
secrets  of  muscular  action  f 

I  am  not  toying  with  this  subject.  The  magnify¬ 
ing  which  I  have  done  is  a  plain  account  of  what  the 
microscope  can  do ;  the  disappointing  result  fairly  rep¬ 
resents  the  way  a  physiologist  has  to  regard  his  best 
efforts.  He  can  not  see  far  into  a  muscle.  We  have  a 
naive  way  of  saying  to  science,  ^‘How  does  a  muscle 
work!”  We  assume  that  Science,  the  modern  divinity 
with  a  capital  S,  has  all  such  information  ready  to  hand 
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out  in  neat  packages  to  any  person  who  happens  to  feel 
inquisitive  on  some  special  occasion.  We  feel  toward 
Science  as  I  used  to  feel  about  the  grocer — that  he 
somehow  possessed  all  the  sugar  and  pickles,  and  that 
he  could  have  satisfied  my  longings  for  nothing  if  he 
had  not  been  selfish.  A  physiologist  is  like  a  grocer: 
he  pays  a  price  for  each  hit  he  learns ;  he  has  no  access 
to  the  stores  of  knowledge  that  Mother  Nature  guards 
so  strictly  in  the  deep  vaults  of  her  treasury  of  ulti¬ 
mate  facts.  A  physiologist  has  on  his  mental  shelves 
a  stock  of  names  like  sarcolemma  and  some  figures  for 
lactacidogen  like  C6H10O4  (P04H2)2;  but  these  are  only 
perishable  goods  that  must  be  turned  for  a  profit.  They 
are  not  knowledge  of  muscular  work. 

Such  a  warning  is  necessary,  for  fear  you  might 
suppose  that  you  were  going  to  be  led  on  and  on 
to  an  understanding  of  how  a  muscle-fiber  contracts. 
But  it  is  not  intended  for  a  complete  discouragement. 
There  are  several  steps  that  we  can  take  toward  the 
final  mystery,  which  reveal  some  interesting  sights. 

This  five-hundred-foot  cable  at  which  we  are  now 
looking — this  half-millionth  part  of  my  whole  biceps — 
is  of  course  an  exceedingly  complicated  organism.  And 
the  principal  difficulty  in  examining  it  is  not  its  minute¬ 
ness,  but  its  fluidity.  Its  liquid  constituents  are  not 
even  distinguished  by  colors,  but  are  blended  in  a  gray 
mass.  If  we  should  let  this  fiber  die  and  stiffen,  we 
should  find  that  it  hardened  in  thousands  of  fibrils, 
each  about  a  third  of  an  inch  in  diameter,  like  strands 
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that  compose  the  great  cable  of  the  fiber.  Hence  we 
suppose  that  the  viscous  fluid  of  the  living  muscle  has  a 
corresponding  structure.  And  we  must  infer  that  the 
secret  of  contraction  lies  within  these  sirupy  fibrillar 
strands.  But  as  yet  there  is  no  microscope  or  chemical 
reagent  with  which  to  explore  such  an  extremely  small 
diameter  in  such  an  elusive  medium. 

So  far  as  a  physiologist  trusts  his  imagination,  he 
conceives  that  each  one  of  the  fibrils  is  like  a  rope 
made  of  alternate  sections  of  dark  and  light  matter, 
that  all  the  dark  sections  are  on  one  level,  and  that 
their  combined  effect  is  thus  to  make  an  appearance 
of  a  dark  ‘‘band^’  extending  clear  through  the  fiber. 
The  light  sections  form  a  similar  light  band.  Hence 
results  the  striped  appearance  of  the  entire  fiber. 

Very  careful  observers  used  to  suppose  that  the 
fibrils  were  solid  and  that  the  bands  across  the  fiber 
were  partitions  of  some  sort;  but  a  German  once  had 
the  good  fortune  to  see  a  microscopical  worm  sivim- 
ming  in  a  fiber.  The  muscle-cell  opposed  no  bars  to 
the  motion  of  the  worm,  but  maintained  its  fibrillar 
structure  and  its  cross-bands  in  unperturbed  viscosity. 

Now  that  we  are  acquainted  v/ith  the  make-up  of  a 
fiber,  we  are  prepared  to  view  it  as  it  lives  and  works 
with  its  comrades  in  the  delicate  web  that  enwraps  a 
bundle  of  two  thousand  of  them,  forming  a  company  in 
the  whole  regiment  of  a  muscle.  Imagine  you  are  as 
small  as  the  worm,  and  free  to  move  to  and  fro  in  a 
sheaf  of  two  thousand  cables,  each  five  hundred  feet 
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long,  ten  inches  thick,  and  banded  in  plates  every  third 
of  an  inch. 

Alongside  our  ten-inch  fiber,  hugging  it  closely,  is 
an  inch  pipe,  a  capillary,  in  which  runs  blood.  Through 
its  translucent  wall  you  may  see  the  red  corpuscles  of 
the  blood  which  are  bringing  the  fiber’s  fuel,  oxygen. 
And  unseen,  in  solution  in  the  blood,  is  the  fiber’s  food 
— sugar.  You  also  note  that  a  nerve  is  attached  to  the 
fiber,  spreading  along  one  side  and  clamped  on  at  nu¬ 
merous  places.  Here  is  one  of  the  six  hundred  thousand 
receiving  stations  to  which  I  sent  messages  in  my  up¬ 
per  arm  when  I  decided  to  turn  a  leaf. 

I  speak  of  the  station  as  if  at  last  we  had  reached 
something  fairly  simple,  but  nothing  could  be  farther 
from  the  truth.  The  station  must  somehow  transfer 
its  order  to  each  of  the  ten  thousand  dark  bands.  They 
are  the  places  where  work  is  accomplished.  They  can 
contract.  And  when  the  ten  thousand  of  them  contract 
in  unison  the  fiber  is  made  a  trifle  shorter.  And  when 
the  six  hundred  thousand  fibers  are  shortened  in  unison 
my  biceps  grows  shorter. 

While  you  gaze  about  at  the  endless  labyrinth  of 
fibers  and  sheathing  and  capillaries  and  end-plates  of 
nerves  in  this  space  that  your  naked  eye  can  not  begin 
to  see,  I  hope  you  won’t  mind  if  I  preach  a  one-minute 
sermon.  Probably  it  will  merely  echo  what  you  have 
already  said  to  yourself.  I  am  thinking  how  useful  it 
would  be  for  all  theorizers  about  human  society  if  they 
could  understand  how  a  muscle  acts.  Here  is  a  mech- 
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anism  of  six  billion  units  that  are  organized  for  the 
lifting  of  an  arm.  The  actual  lifting  power  is  exerted 
by  these  petty,  unconsidered  bands  of  dark  matter.  All 
energy — ^muscular  or  social — is  applied  only  through 
the  units  of  the  organization.  My  splendid  intellect, 
enthroned  in  an  easy-chair  and  intent  upon  a  story,  can 
say  to  a  sheet  of  paper,  ‘^Be  thou  turned.’’  But  my 
intellect  would  be  utterly  impotent  if  it  were  not  in  or¬ 
ganic  contact  with  obedient  fibrils  far  beyond  its 
conception.  When  my  intellect  says  to  teachers  or  aider- 
men,  ‘‘Be  this  social  habitude  altered,”  it  is  not 
addressing  an  organism.  Execution  of  its  desire  must 
depend  on  controlling  human  units  whose  motives  are 
unregulated  by  my  mind.  Actual  transfer  of  energy  in 
a  schoolroom  or  a  caucus  takes  place  in  an  order  of 
being  that  is  entirely  different  from  my  nervous  sys¬ 
tem.  An  infinitude  of  detail  of  human  nerves  and  capil¬ 
laries  must  be  coordinated  before  it  is  of  any  use  for 
me  to  say,  ‘  ‘  Let ’s  turn  over  a  new  social  leaf.  ’  ’  Leaves 
can  be  turned — certainly.  All  I  preach  is  that  our  cre¬ 
ative  intellect  is  utterly  impotent  until  it  controls  all 
the  fibrils  of  pedagogy  and  politics  that  must  do  the 
turning. 

Thank  you  for  your  kind  attention. 

3,  The  Muscle  in  Action 

If  the  elaborate  machinery  that  you  have  seen  is 
impressive  while  it  stands  still,  it  is  astounding  in  op¬ 
eration.  For  the  nerve  impulse  which  gives  the  signal 
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to  contract  is  not  sent  into  the  fibers  in  the  simple  form 
in  which  it  is  received  at  their  surface.  The  end-plates 
of  the  nerves  multiply  the  single  impulse  and  ‘HrilU’ 
it.  What  this  means  I  can  make  clear  if  you  will 
imagine  that  time  runs  slowly,  so  that  one  second  seems 
as  long  as  a  minute.  Imagine  also  that  I  control  a 
switch  that  will  admit  a  momentary  nerve  impulse 
whenever  we  want  it. 

You  are  looking  at  a  certain  fiber  of  a  resting 
muscle.  I  switch  into  it  a  nerve  impulse.  For  a  half 
of  one  of  our  long  seconds  there  is  no  result;  some  time 
is  necessary  to  adjust  the  mechanism.  Then  for  two 
and  a  half  seconds  you  watch  the  dark  plates  decrease 
in  thickness,  thus  shortening  the  whole  fiber.  During 
the  next  three  seconds  you  see  the  plates  swell  back  to 
their  former  dimensions,  restoring  the  fiber  to  its  nor¬ 
mal  length.  Science  has  accuratelv  measured  those 

o  •f 

fragments  of  time  in  which  a  detached  fiber  responds 
to  an  artificial  stimulus. 

But  no  stimulus  of  that  sort  ever  comes  to  a  fiber  in 
the  body.  Any  command  such  as  went  to  my  biceps  is 
transformed  to  a  series  of  impulses.  Watch  when  I 
turn  on  a  voluntary  message  that  has  been  relayed 
from  my  brain,  and  remember  that  you  are  seeing  the 
result  sixty  times  more  slowly  than  a  clock  would  show. 
The  impulse  comes.  After  the  first  half-second  the 
dark  bands  grow  thin  and  the  fiber  begins  to  shorten. 
A  second  later  another  impulse  comes,  and  there  is  an 
impulse  each  second  thereafter,  Plence  the  fiber  has 
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no  chance  to  relax,  for  it  receives  three  kicks  from  the 
trilling  apparatus  before  the  period  of  its  return  to 
normal  has  begun.  There  is  continual  stimulation. 
The  fiber  is  kept  short.  Since  the  actions  of  all  the 
fibers  are  synchronized,  the  whole  muscle  is  kept  con¬ 
stricted.  Even  the  most  rapid  motions  our  muscles 
can  make  are  so  slow  as  to  need  this  ^‘trilling’’  stimu¬ 
lus  from  the  nerve. 

The  nature  of  the  stimulus  is  far  beyond  our  com¬ 
prehension.  A  physicist  has  delicate  instruments  that 
can  measure  the  currents  of  electricity  generated  at 
intervals  along  a  nerve  when  an  impulse  travels ;  they 
show  that  every  cell  is  in  some  measure  an  electrical 
contrivance.  But  they  do  not  show  that  the  nerve  im¬ 
pulse  is  primarily  electrical.  It  is  not  any  force  that 
man  knows  how  to  measure  or  name. 

As  for  the  force  which  operates  in  the  dark  bands 
of  a  fiber,  I  think  my  readers  ought  to  hear  a  littlQ 
expert  testimony : 

Very  active  chemical  changes  take  place  in  muscle 
during  contraction.  These  metabolic  changes  involve 
processes  of  hydrolysis,  of  oxidation,  of  reduction,  and 
of  synthesis,  and,  in  most  cases,  they  are  supposed  to 
be  effected  through  the  agency  of  enzymes.  Very  many 
different  kinds  of  enzymes  have  been  shown  to  occur  in 
muscular  tissue ;  proteolytic,  amylolytic,  and  lipolytic 
enzymes,  oxidases  or  peroxidases,  reductases,  an  en¬ 
zyme  capable  of  splitting  off  urea  from  arginine,  prob¬ 
ably  deaminases  that  split  off  ammonia  from  the 
amino-acids,  etc. 
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For  fear  that  such  details  lack  dramatic  quality,  I 
will  choose  some  vivid  hits  from  the  physiologist’s  ac¬ 
count  of  the  most  thrilling  and  important  chemical 
operation  that  went  on  in  each  hand  of  muscle, 
one  fifteen-thousandth  of  an  inch  in  thickness,  when  I 
raised  my  arm: 

The  formation  and  the  consumption  of  glycogen  in 
the  body  constitute  one  of  the  most  interesting  chap¬ 
ters  in  nutrition. . .  .The  muscular  tissue  has  the  power 
of  converting  the  sugar  brought  to  it  by  the  blood  into 
glycogen.  It  is  a  synthetic  reaction  in  which  the  simple 
molecule  of  the  monosaccharide  is  converted  by  de¬ 
hydration  and  condensation  to  the  larger  molecule  of 
the  polysaccharide. . .  .The  glycogen  thus  stored  in  the 
muscle  is  consumed  during  its  activity,  and  it  is  as¬ 
sumed  that  before  it  is  thus  consumed  it  is  converted 
back  into  sugar  by  the  action  of  the  amylolytic  enzyme. 
...  ,As  far  as  the  act  of  shortening  is  concerned,  the 
significance  of  the  chemical  reaction  lies  in  the  produc¬ 
tion  of  acid  substances,  lactic  and  phosphoric  acid, 
since  the  mechanism  of  contraction  is  referred  directly 

to  the  effect  of  the  acid  produced . The  theory  is 

that  a  portion  of  the  lactic  acid  is  oxidized,  and  that 
some  of  the  chemical  energy  thus  liberated  is  utilized 
to  synthesize  the  rest  of  the  lactic  acid  to  glycogen,  the 
remainder  being  given  off  as  heat. 

I  suppose  your  eye  took  one  glance  at  the  technical¬ 
ities  and  straightway  leaped  over  them  to  this  point  of 
safety.  Perhaps  you  think  I  quoted  a  few  chemistry 
terms  in  an  effort  to  be  humorous.  Probably  you  feel 
that  some  editor  should  have  deleted  them  from  this 
book.  But  they  have  a  mission.  They  give  some  slight 
indication  of  the  long  and  perplexing  labors  necessary 
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to  discover  every  one  of  the  items  that  are  set  down  so 
airily  in  this  chapter  and  that  you  have  read  with  such 
nonchalance.  Only  the  most  arduous  application  of 
exceptional  skill  by  many  specialists  through  many 
decades  has  revealed  to  us  the  general  structure  of  a 
muscle-fiber.  It  may  require  another  decade  of  the 
most  abstruse  research  to  learn  just  what  happens  to 
glycogen.  It  may  be  two  decades  before  we  find  out 
how  lactic  acid  induces  the  shortening  of  the  fibrils  that 
are  regimented  in  every  microscopical  fiber  of  a  tense 
muscle. 

Would  you  have  the  present  status  of  the  hypothe¬ 
sis  expressed  for  you  in  schoolroom  terms  I  I  will  try. 
In  every  fiber  of  muscle  is  stored  some  substance  that 
the  fiber  created  out  of  the  sugar  which  the  capillaries 
brought.  When  the  fiber  works  for  a  second  it  converts 
this  substance  by  two  chemical  reactions  that  are  all 
but  instantaneous,  one  of  the  products  being  lactic 
acid.  This  acid  so  acts  on  the  surfaces  of  the  fibrils  as 
to  cause  contraction.  It  is  then  oxidized,  not  by  the 
burning  process  that  we  know  when  a  match  is  lighted, 
but  in  some  way  that  is  chemically  similar.  Thus  the 
sugar  and  oxygen  that  the  capillaries  supply  are  fuel 
for  a  process  of  undiscoverable  complexity. 

A  fiber  is  a  kind  of  engine.  In  its  operation  it  gen¬ 
erates  heat.  If  it  is  to  work  continuously,  it  must  be 
cooled,  like  the  cylinders  of  a  motor  car.  In  fact  it  is 
well  jacketed  by  the  capillaries,  which  keep  a  constant 
flow  of  blood  passing  about  it. 


158 


EXPLORING  THE  UNIVERSE 


If  the  action  is  long-continued  by  many  muscles  at 
a  time,  all  the  blood  in  the  body  has  its  temperature 
raised.  Therefore,  if  we  are  not  to  be  thrown  into  a 
fever  by  exercise,  the  blood  must  be  cooled.  It  is  ex¬ 
posed  before  a  very  good  radiator,  the  skin,  which  has 
delicate  adjustments  for  opening  and  closing  pores  to 
just  the  right  extent  and  evaporating  water  just  rap¬ 
idly  enough  to  maintain  the  temperature  marked  on  a 
physician’s  thermometer. 

This  machinery  may  not  have  been  called  into 
action  by  my  few  slight  motions  while  I  sat  reading, 
but  it  was  ready  for  service  at  every  moment.  There 
were  watchful  nerve  centers  keeping  scrupulous  ac¬ 
count  of  my  doings.  They  were  influenced  by  the  im¬ 
pulses  that  went  to  a  million  muscle-fibers.  They  were 
an  integral  part  of  that  lavish  system  of  innumerable 
correlated  organisms  by  which  nature  enables  me  to 
turn  a  leaf. 


VIII 

HEREDITY 

The  Cells  That  Shape  Our  Children— a  Science 

and  a  Hope 

When  men  arrange  the  known  facts  of  the  struc¬ 
ture  of  animals^  bodies  and  the  ways  in  which  the  or¬ 
gans  operate,  they  are  building  the  sciences  of  anatomy 
and  physiology.  When  they  apply  these  sciences  with 
the  hope  of  improving  health,  they  are  practising  the 
art  of  medicine.  The  newest  denartment  of  these  sci- 

ji. 

ences  is  the  study  of  germ-cells,  called  ^ ^genetics ;  and 
the  attempt  to  apply  this  science  for  improving  the 
human  race  is  called  eugenics.^’  Genetics  is  more 
mysterious  and  more  fearful  than  any  other  science. 
Eugenics  inspires  more  enthusiasm  and  more  dread 
than  any  other  art.  Hence  it  is  natural  that  Chapter 
yill  should  be  the  longest  in  the  book. 

Eugenics  is  placidly  defined  by  the  dictionaries  as 
^Hhe  science  which  deals  with  the  means  of  improving 
the  innate  good  qualities  of  man.’’  So  it  appears  that 
lexicographers  have  not  reached  the  point  where  they 
can  distinguish  between  a  science  and  a  hope  of  doing 
good.  If  educated  people  can  not  learn  to  see  the  abyss 
which  separates  science  and  hope,  civilization  will  be- 
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come  a  cultural  dolPs-house.  In  Chapter  XI  I  shall 
try  to  show  the  difference.  Chapters  VIII,  IX,  and  X 
are  exhibits  for  the  case  that  is  argued  there. 

Part  One  :  Genetics 
1.  The  Writer^ s  Prejudices  Displayed 

The  makers  of  the  new  science  of  genetics  have  not 
yet  reached  an  agreement  about  heredity.  Every  phase 
of  the  subject  is  still  two-sided,  so  that  high  authority 
can  be  quoted  either  for  or  against  any  opinion  as  to 
the  nature  of  germ-cells,  environment,  the  Nordic 
race,  eugenics,  natural  selection,  evolutionary  prog¬ 
ress,  or  the  inheritance  of  acquired  characters.  In  one 
sense,  therefore,  no  reliable  account  of  this  most  vexed 
and  most  important  subject  can  be  written  at  present. 

But  it  is  possible  to  give  a  reliable  description  of 
the  dispute  about  each  topic — and  that  is  valuable.  It 
is  possible  to  state,  for  each  topic,  whether  authority  is 
pretty  evenly  divided  or  is  largely  on  one  side — and 
that  is  useful.  It  is  possible  to  present  many  undis¬ 
puted  facts  that  are  often  left  out  of  account  in  popu¬ 
lar  propaganda;  it  is  possible  to  point  out  what  new 
facts  must  be  discovered  before  science  can  be  unani¬ 
mous — and  that  is  surely  worth  while.  I  offer  this 
chapter  without  any  desire  to  plead  a  cause  and  with¬ 
out  much  fear  that  I  shall  mislead  a  reader  by 
partisanship.  Though  the  major  questions  must  be 
left  undecided,  I  can  point  out  the  road  by  which  the 
future  decisions  will  come, 
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When  I  say  I  have  small  fear  that  partisanship  will 
infect  this  chapter,  I  am  not  boasting  that  I  am  free 
from  prejudice.  No,  I  am  conscious  of  many  preju¬ 
dices,  strong  ones.  But  I  hope  to  remove  the  poison 
from  them  by  spreading  them  out  in  the  daylight,  so 
that  you  may  see  what  they  are  and  may  take  stock  of 
them.  I  shall  even  exaggerate  them,  in  order  that  you 
may  be  fully  warned  about  what  allowances  to  make 
for  the  lights  and  shadows  in  my  evidence.  A  list  of 
ten  of  these  prejudices  is  printed  as  an  appendix  at  the 
end  of  this  chapter. 

2,  The  Birth  of  a  Tissue-Cell 

Chapters  V,  VI,  and  YII  pictured  certain  examples 
of  the  cells  of  which  all  living  tissue  is  composed. 
Every  particle  of  every  plant  or  animal  is  a  colony  of 
cells.  Each  cell  is,  to  a  large  extent,  an  independent 
organism  that  lives  its  own  life  in  its  own  way ;  but  it  is 
a  member  of  a  closely  organized  cooperative  group, 
dependent  on  other  cells  and  contributing  its  share  of 
labor  to  the  whole  organism.  Some  organisms,  like 
bacteria  and  certain  animalcules,  consist  of  only 
one  cell ;  a  flower  may  be  built  of  millions  of  cells ;  a 
human  body  has  been  estimated  to  contain  twenty-six 
trillion  cells.  Yet  a  single-celled  animal  performs  the 
intricate  processes  of  digestion  and  reproduction. 
Within  its  one  cell  is  all  the  unfathomable  mystery  of 
life.  Its  secret  is  infinitely  farther  beyond  our  knowl¬ 
edge  than  a  mere  understanding  of  how  cells  work  to¬ 
gether  to  compose  a  large  organism.  .  , 
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All  the  secrets  of  heredity  are  enclosed  in  the  micro¬ 
scopic  space  of  a  certain  kind  of  cell—the  germ-cell. 
Knowledge  of  the  germ-cell  is  still  in  its  infancy  and  is 
extremely  difficult  to  acquire  "because  the  material  to  be 
investigated  is  fluid,  is  extremely  small  in  quantity, 
and  is  composed  of  elements  that  are  almost  indistin¬ 
guishable  even  in  the  best  light  under  the  most  power¬ 
ful  microscope.  The  patient  students  of  the  mechanism 
of  heredity  can  only  see,  at  the  dim  border  of  vision,  a 
few  of  the  mass-operations  of  a  germ-cell — as  if  they 
were  giants  fifty  thousand  miles  tall  squinting  at  a  hu¬ 
man  city  and  not  able  to  make  out  anything  smaller 
than  a  trolley-car ;  the  people  and  the  motors  would  be 
bejmnd  sight.  The  baffling  obscurity  of  this  investiga¬ 
tion  can  be  imagined  if  I  quote  a  pair  of  sentences 
from  the  most  authoritative  work  on  cytology.  The 
Cell^  by  Edmund  B.  Wilson:  ^^Some  observers  fell  in¬ 
to  error  because  of  a  failure  to  distinguish  between  the 
structure  of  living  protoplasm  and  that  of  the  artificial 
coagula  presented  by  sections. ...  It  would  seem  to  be 
a  veiy  simple  matter  to  count  chromosomes  correctly; 
but  the  history  of  the  subject  abundantly  demonstrates 
the  contrary.’^ 

Yet  tireless  efforts  during  the  last  thirty  years,  and 
endless  comparing  of  the  tricky  dissolving  views  under 
the  lenses,  have  furnished  a  little  foundation  of  facts. 
In  the  following  account  it  must  be  understood  that 
science  can  only  report,  ‘Mt  seems  this  way  now.’^ 
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There  is  general  agreement  as  to  the  appearances,  but 
the  interpreting  of  the  appearances  is  still  hazardous. 

I  shall  begin  with  a  description  of  an  ordinary 
tissue-cell,  as  a  preparation  for  understanding  the 
germ-cells. 

Three  days  ago  I  bruised  a  knuckle;  to-day  the 
wound  is  healed  over,  and  I  accept  the  bit  of  new  skin 
as  calmly  as  if  it  were  a  section  of  repaired  pavement. 
But  if  I  knew  about  the  thousands  of  lives  that  were 
lost  in  that  catastrophe  on  my  finger,  if  I  could  see  the 
tens  of  thousands  of  life-producing  labors  that  have 
been  performed  there,  the  speck  of  flesh  would  appear 
a  great  and  miraculous  structure. 

The  scene  of  those  building  operations  would  be  in¬ 
teresting  merely  as  a  spectacle,  and  in  the  next  few 
paragraphs  I  shall  offer  a  slight  account  of  one  phase 
of  them.  But  the  goal  of  this  chapter  lies  far  beyond. 
When  we  have  seen  how  the  ordinary  cells  of  the  skin 
were  replaced  we  shall  be  at  a  lookout  point  from  which 
we  may  view  the  field  of  heredity.  These  humble  part¬ 
icles  which  form  our  flesh  are  part  of  that  realm  of  life 
which  includes  human  heredity  and  social  change. 

When  I  carelessly  rammed  my  hand  against  the 
door-casing  I  destroyed  an  area  of  skin  about  a  quarter 
of  an  inch  long  and  an  eighth  of  an  inch  wide.  This 
had  been  composed  of  perhaps  fifty  thousand  indi¬ 
vidual  cells,  which  were  all  so  broken  or  detached  that 
they  perished.  My  body  had  no  power  to  bring  up  a 
regiment  of  similar  cells,  dump  them  into  the  breach, 
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and  say,  ‘‘Be  healedP^  No,  those  dead  cells  were  of 
many  sorts :  flat  and  horny  ones  at  the  surface,  below 
these  three  layers  of  different  sorts  that  were  packed 
like  mackerel  in  the  hold  of  a  fishing  schooner,  and  in 
a  lower  layer  many  intricate  sets  of  apparatus,  such  as 
nerve-ends,  capillaries,  pigment-makers,  muscles,  and 
oil-glands. 

We  had  best  not  say  anything  about  these  compli¬ 
cated  organs  of  the  skin,  since  they  are  so  largely  be¬ 
yond  examination.  Let  us  content  ourselves  with  the 
largest,  most  obvious,  most  uniform  cells — those  of  the 
third  layer  from  the  top.  Even  these  can  not  be  re¬ 
placed  in  bulk.  For  each  one  of  them  is  an  individual, 
differing  in  some  degree  from  its  neighbors,  as  men 
differ  in,  a  regiment. 

Imagine  that  I  had  a  needle  fine  enough  to  detach 
one  of  these  cells  (one  three-hundredth  of  an  inch  in 
diameter)  and  to  hold  it  before  you  for  inspection 
under  a  powerful  microscope.  Suppose  that  I  had  a 
super-lens  which  would  enlarge  the  cell  to  the  size  of  a 
football.  Suppose  that  I  could  work  magic  for  you  and 
show  some  of  the  labors  which  are  carried  on  there.  It 
is  a  laboratory  for  vital  processes  that  will  probably 
remain  forever  beyond  our  understanding. 

Distrust  me  when  I  say  “forever.’^  There  are 
hopeful  biochemists  now  at  work  trying  to  construct 
an  artificial  equivalent  of  a  living  cell.  They  argue, 
quite  plausibly,  that  all  organic  forces  must  be  pri¬ 
marily  chemical  forces,  that  some  very  complex  or- 
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ganic  compounds  have  been  created  by  chemistry,  that 
our  knowledge  of  chemistry  and  of  cell-structure  ad¬ 
vances  mightily  every  decade,  and  that  therefore  we 
can  expect  a  full  conquest  of  cell  mystery  some  day. 
They  may  be  right. 

But  I  must  record  the  contrary  opinion,  supported 
by  just  as  good  authority,  that  the  ultimate  secrets  of 
a  cell  are  not  likely  to  be  invaded  by  science.  Not  that 
I  want  to  advertise  a  debate  and  cast  my  vote  on  the 
issue,  but  that  the  point  of  view  of  the  doubters  is  use¬ 
ful  for  any  layman  who  wants  to  understand  the  knowl¬ 
edge  of  heredity  as  it  will  be  developed  during  the 
coming  years. 

The  doubters  will  tell  you  that  there  have  always 
been  two  types  of  imagination  among  scientists.  One 
type  has  felt  the  thrill  of  advancing  knowledge,  has 
been  sanguine  of  a  more  and  more  rapid  advance  in  the 
future,  and  has  felt  that  the  ultimate  facts  were  not 
such  a  vast  distance  ahead.  This  type  of  imagination 
has  expected  to  discover  the  real  nature  of  matter,  to 
unveil  the  universe,  to  manufacture  a  homunculus  in 
a  glass  tube.  The  other  type  has  been  distrustful;  it 
has  feared  that  all  advance  in  knowledge  would  only 
reveal  a  greater  amount  of  all-encompassing  ignor¬ 
ance.  And  thus  far  the  doubters  have  been  correct. 
Though  science  has  penetrated  to  the  exact  measure¬ 
ment  of  the  inconceivable  minuteness  of  an  electron, 
though  it  has  stretched  its  yardstick  across  the  un¬ 
imaginable  reaches  of  uncounted  stellar  systems,  still 
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we  are  no  nearer  to  the  ultimate  secrets  of  what  mat¬ 
ter  is  or  what  space  is.  In  fact  both  matter  and  space 
have  become  all  the  more  mysterious.  Though  science 
has  peered  deep  into  germ-cells  and  measured  some  of 
the  mechanism,  we  are  farther  than  ever  from  the  hope 
of  creating  a  little  homo  out  of  chemicals. 

So,  in  present  discussions  of  heredity,  there  is  some 
reason  for  suspecting  that,  however  far  we  train  our 
microscopes  to  penetrate  germ-cells,  we  shall  only 
learn  that  ultimate  vital  processes  have  receded  to  a 
greater  depth  beyond  our  knowledge.  This  logic  proves 
nothing.  We  can  not  infer  the  future  from  the  past  in 
any  such  simple  fashion.  But  we  can  learn  to  be  wary, 
to  trust  slowly,  to  realize  that  ‘^ultimate’’  in  nature  is 
a  long,  long  way.  We  can  learn  to  suspect,  for  example, 
that  ‘^artificial  fertilizing  of  eggs’’ — far-reaching  as  it 
sounds — may  not  mean  more  than  a  progress  of  a  mile 
in  the  stellar  spaces  that  lie  between  us  and  the  full 
understanding  of  cell  life. 

An  example  of  the  two  types  of  imagination  may  be 
seen  in  the  way  scientists  discuss  “protoplasm.”  This 
is  the  name  for  the  viscous  fluid  which  contains  the  life 
of  every  cell.  It  doubtless  consists  of  a  certain  num¬ 
ber  of  electrons,  which  can  be  estimated  rather  exactly. 
Its  functions  are  doubtless  reducible  to  a  set  of  chem¬ 
ical  reactions.  Hence  it  seems,  to  some  biologists,  to 
be  a  complex  substance  which  we  should  try  to  analyze 
chemically.  They  speak  of  it  much  as  they  speak  of  al¬ 
cohol  or  formaldehyde.  They  seem  to  anticipate  that 
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some  time  its  operations  will  be  charted — as  chemists 
now  diagram  the  transformations  of  sugars.  And  they 
may  be  right. 

But  the  other  type  of  mind  replies  impatiently: 
^‘How  soon  do  you  expect  to  get  a  chemical  analysis  of 
a  dog  and  account  by  formulas  for  his  barking  at  the 
moon  and  yelping  for  joy?  This  tiny  cell  has  powers 
and  complexities  that  put  it  in  the  class  of  a  higher 
animal.  You  can  not  hope  to  account  for  its  substance 
until  you  are  able  to  melt  down  a  whole  animal  and 
account  for  its  emotions  by  rows  of  0  and  H  and  C  and 
some  numerals.  The  ultimate  analysis  of  a  cell  must 
be  as  difficult  as  the  analysis  of  a  robin.  When  you 
give  a  common  name,  protoplasm,  to  the  substance  that 
you  find  in  all  cells,  you  are  not  saying  anything.  You 
might  as  well  lump  oak  trees  and  mosquitos  and  ele¬ 
phants  all  together  under  the  name  of  hianimasm  and 
talk  about  this  name  as  a  substance/^ 

That  way  of  putting  the  case  appeals  to  my  own 
mind  as  sensible.  You  are  at  liberty  to  prefer  the 
hopeful  chemist’s  way  of  thinking.  "Whatever  our  phil¬ 
osophy,  we  can  both  see  the  same  sights  under  a  micro¬ 
scope — thus : 

You  are  looking  at  one  of  the  trillions  of  cells  that 
compose  my  flesh,  one  of  the  cells  in  the  third  layer  of 
the  skin,  a  large  one,  twenty  times  greater  in  diameter 
than  a  male  germ-cell.  We  have  magnified  it  till  it  has 
the  size  of  a  football.  Suspended  in  the  protoplasm 
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that  fills  it  is  the  nucleus,  the  size  of  a  golf-haU.  It  is 
preparing  to  give  birth  to  a  new  skin-cell, 
f  Are  you  at  all  startled  by  hearing  of  the  birth’’  of 
one  of  the  fifty  thousand  specks  that  compose  a  slight 
fragment  of  skin?  Even  a  seasoned  cytologist  is 
startled — yes,  overpowered — ^when  he  visualizes  afresh 
the  fact  that  each  infinitesimal  component  of  the  most 
commonplace  tissue  is  an  individual  which  must  be 
born.  It  could  no  more  happen  into  existence  than  a 
whale  or  a  condor  could.  If  I  see  a  condor  soaring  a 
mile  above  me,  I  know  that  it  was  born  from  an  egg, 
by  a  profoundly  elaborate  process.  The  invisible  bit 
of  my  skin  must  be  brought  into  being  by  a  process  of 
the  same  sort,  quite  as  intricate,  quite  as  far  beyond 
our  understanding.  No  new  cell  can  be  created.  It 
must  always  be  the  offspring  of  a  mother  cell,  which 
was  the  child  of  a  previous  cell,  which  was  born  of  a 
previous  cell — in  a  line  of  descent  that  has  never 
broken  since  life  began.  Nature,  you  see,  has  not  been 
clever  enough  to  become  a  mason  or  a  chemist  and  to 
construct  skin  with  economical  efficiency,  but  persists 
in  her  ancient,  lavish  mode  of  begetting  a  cityful  of 
individuals  for  the  formation  of  a  particle  of  my  der¬ 
mal  covering. 

Fix  your  eyes  on  the  little  globe,  the  nucleus,  that  is 
suspended  in  the  liquid  of  the  cell.  Although  I  have 
magnified  the  cell  about  four  thousand  times,  till  it  is  a 
foot  in  diameter  and  the  nucleus  more  than  an  inch  in 
diameter,  you  can  only  barely  make  out  on  the  surfaces 
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of  the  nucleus  a  spot  which  appears  to  be  a  center  of 
some  sort  of  radiating  activity.  Do  you  object  to  the 
vagueness  of  the  description?  Science  can  not  yet  dis¬ 
cern  any  more  particulars.  It  sees  no  more  than  you 
are  seeing — a  spot  which  seems  to  control  unseen 
mechanism,  radiating  through  the  wall  of  the  nucleus 
and  into  the  liquid  of  the  cell.  Because  it  is  a  body 
at  the  center  of  the  forces,  it  has  been  dubbed  centra- 
some. 

The  centrosome  divides  into  two  parts;  these  new 
centers  of  energy  draw  away  from  each  other  along  the 
surface  of  the  nucleus ;  each  bears  a  halo  of  fine  radiat¬ 
ing  lines ;  between  them  is  a  bridge  (the  ‘‘spindle”)  of 
fibers ;  the  portion  of  the  wall  of  the  nucleus  which  lies 
within  the  fibers  begins  to  disappear. 

What  the  halves  of  a  centrosome  are,  what  fibers 
and  spindle  are,  not  the  most  erudite  cytologist  can  tell. 
He  knows  no  more  than  you  do  about  the  kind  of  agen¬ 
cies  that  are  at  work  to  produce  a  new  life.  He  can 
only  report  to  us  certain  dimly-seen  and  superficial 
movements  which  are  made  at  the  limit  of  microscopic 
vision ;  he  can  only  describe  them  by  using  crude  meta¬ 
phors  like  fiber  or  aster  or  color  figure.  His  most  por¬ 
tentously  learned  names— like  “karyokinesis”  or 
“phragmoplast” — no  more  represent  knowledge  than 
the  number  of  an  automobile  explains  a  magneto.  The 
cytologist ’s  names  are  mere  conveniences  for  record¬ 
ing  and  comparing  those  few  of  the  outward  changes 
that  our  gross  eyes  can  recognize. 
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In  his  technical  books  he  shows  ns  diagrams  of  the 
rest  of  the  birth  of  a  new  cell  in  my  skin.  The  two 
parts  of  the  centrosome  continue  to  move  apart  around 
the  circumference  of  the  nucleus  until  they  are  at  op¬ 
posite  sides  of  the  nucleus.  They  grow  larger;  the 
spindle  of  fibers  between  them  grows  longer  and 
thicker.  It  somehow  transforms  the  whole  nucleus, 
causing  it  to  disappear  from  our  sight.  It  extends 
itself  till  it  dominates  the  whole  interior  of  the  cell. 

During  this  transformation  there  has  appeared  in 
the  nuclear  space  what  looks  like  a  tangle  of  gelatinous 
string.  Because  this  material  was  first  observed  by 
staining  it  with  a  dye,  it  vv^as  named  ‘  ^  chromatin.  ^  ’  The 
loops  of  this  stringy  matter  grow  thicker  and  separate 
into  sections,  each  of  which  is  called  a  chromosome. 
In  any  given  species  of  plant  or  animal  the  number  of 
chromosomes  is  the  same  for  every  cell  of  every  sort 
throughout  the  whole  body.  This  particular  cell  that 
we  are  watching,  like  all  the  other  trillions  which  com¬ 
pose  my  body,  contains  forty-eight  chromosomes. 

They  now  act  as  if  they  were  manipulated  by  the 
fibers  that  stretch  from  side  to  side  of  the  cell.  They 
are  moved  out  of  their  disorderly  jumble.  They  are 
ranged  in  a  very  precise  straight  line  across  the  center 
of  the  cell,  at  right  angles  to  the  length  of  the  spindle. 
Then  comes  the  climax  of  birth:  each  chromosome 
splits  lengthwise,  and  there  are  now  two  parallel  rows 
of  these  new  half-chromosomes.  Each  one  of  these 
ninety-six  bits  of  life  is  directly  descended  from  either 


The  birth  of  a  cell  of  the  skin,  an  example  of  the  hundreds 
of  admirable  plates  in  E.  B.  Wilson’s  The  Cell,  1925.  Figures 
A  to  D  show  the  nucleus  during  the  first  stage  of  division.  The 
centrosome  is  dividing  and  its  two  parts  are  moving  to  oppo¬ 
site  sides  of  the  nucleus.  The  tangle  of  chromatin  in  C 
Ijecomes  separate  chromosomes  in  D.  In  figures  E  to  G  the 
chromosomes  are  split  into  exact  halves  and  drawn  to  opposite 
poles  of  the  cell.  Figures  H  and  I  on  the  other  side  of  the 
leaf  show  the  fissure  forming  through  the  middle  of  the  cell, 
and  each  of  the  daughter  cells  preparing  to  divide. 


The  six  lower  figures,  A  to  F,  show  the  birth  of  a  germ- 
cell.  The  sperm  enters  the  egg  in  A.  The  nucleus  of  the 
egg  makes  a  preliminary  division  of  itself  in  B.  In  C  the 
sperm  forms  its  spindle,  which  arranges  the  sperm  nucleus 
and  the  egg  nucleus  on  either  side  of  itself  in  D.  In  E  and 
F  the  two  sets  of  chromosomes  from  the  two  parents  are 
divided  and  distributed.  (See  page  174.) 
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my  father  or  mother.  Each  grows  to  be  a  full  new 
chromosome.  If  you  feel  skeptical  about  how  such 
knowledge  could  be  obtained,  you  are  within  your 
rights.  The  knowledge  is  only  an  inference,  but  it 
comes  from  so  many  thousands  of  fiercely  checked  ob¬ 
servations  of  germ-cells  that  the  most  cautious  scholar 
no  longer  doubts  it. 

The  rows  of  new  chromosomes  seem  to  receive  an 
order  to  break  ranks,  and  to  be  drawn  apart  toward  the 
ends  of  the  spindle,  which  are  now  at  opposite  poles  of 
the  cell.  They  become  curved;  they  cluster  at  the 
poles ;  they  seem  to  fade  and  to  dissipate  into  the  in¬ 
distinguishable  chromatin  from  which  they  came.  Each 
cluster  becomes  the  nucleus  for  a  new  cell,  and  each  has 
at  its  edge  a  new  centrosome.  Down  through  the  cell, 
along  the  line  where  the  chromosomes  were  divided, 
appears  a  contraction — as  if  an  invisible  cord  were  be¬ 
ing  drawn  taut  around  the  cell  and  cutting  it  in  two. 
The  contraction  becomes  a  deep  fissure.  Soon  the 
cleavage  is  complete,  and  the  old  cell  has  grown  into  two 
new  cells,  each  fully  equipped  with  an  apparatus  for 
division  into  two  more  cells.  So,  by  thousands  of 
births,  each  of  which  is  an  unimaginable  mystery,  my 
fragment  of  skin  is  restored. 

3,  The  Birth  of  a  Germ-Cell 

In  my  body  there  are  thousands  of  kinds  of  cells. 
Some  of  them  build  muscle;  some  harden  into  finger¬ 
nails  or  hairs ;  some  live  as  free  lances  in  my  blood,  the 
white  corpuscles;  many  billions  of  them  compose  my 
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brain  and  nerves ;  thousands  of  different  sorts  of  them 
are  special  laboratories  for  the  concocting  of  all  the 
solvents  and  reagents  and  antitoxins  and  enzymes  and 
hormones  that  circulate  in  me  to  nourish  and  defend 
the  monstrous  aggregate  that  is  all  the  undiscov- 
erable  refinements  of  digestion  and  emotion,  of  repair 
and  coordination,  are  managed  for  me  by  cells  which 
are  wiser  than  all  the  schools  of  medicine.  Every  organ 
of  my  body — the  lungs  and  heart  and  kidneys  and  all 
the  multifarious  glands — is  a  set  of  cells.  As  a  w^hole 
no  organ  can  do  anything;  it  performs  its  labors  only 
by  means  of  cells. 

\  The  most  awesome  organ  is  the  one  which  creates 
replicas  of  the  body — the  sperms  or  eggs.  In  all  the 
range  of  human  thought  and  emotion  nothing  is  so  ro¬ 
mantic  and  reverend.  Yet  social  custom  decrees  that 
they  must  not  be  talked  about  except  in  medical  jargon 
or  by  veiled  allusion.  No  doubt  society  is  right ;  I  shall 
obey  its  decrees.  But  I  am  rather  ashamed  of  my  obe¬ 
dience.  For  I  know  that  some  day  a  Swift  will  satirize 
the  squeamishness  which  curtains  the  poetry  of  the 
origin  of  life  while  it  placards  all  civilization  with  the 
horrors  of  murder  and  adultery.  Yet  society  may  have 
more  wisdom  than  a  Swift.  Even  when  it  forbids  me  to 
illustrate  human  germ-cells  by  telling  the  history  of  a 
hen’s  egg  it  may  be  right.  I  will  therefore  go  dutifully 
to  the  plant  kingdom  for  my  example  of  how  every 
human  life  begins  in  the  chromosomes  of  the  nucleus  of 
a  cell. 
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I  hold  before  you  a  tiger  lily.  The  six  gaudy  petals 
are  a  banner  to  attract  insects.  When  an  insect  walks 
down  the  gorgeously  carpeted  way  to  the  center  of  the 
lily,  it  is  bringing  about  the  union  of  two  germ-cells,  a 
male  sperm  and  a  female  egg.  This  is  the  consumma¬ 
tion  for  which  nature  has  contrived  all  the  odors  and 
nectar  and  color  that  are  flaunted  by  any  flower — yes, 
for  which  she  has  contrived  the  entire  bodies  of 
all  bi-sexual  plants  and  animals.  If  ever  we  are  excus¬ 
able  for  speaking  of  a  purpose^’  in  nature,  it  is  when 
we  observe  that  all  beauty  and  strength  of  all  bodies 
conduce  to  the  bringing  together  of  a  male  and  a  female 
germ-cell. 

If  we  strip  away  the  petals  of  the  lily,  we  shall  see 
the  circle  of  stamens  that  stand  next  inside  the  petals. 
These  are  the  organs  of  the  flower  which  produce  the 
male  germ-cells.  Look  at  the  inner  side  of  a  stamen, 
at  the  slit  which  runs  up  the  length  of  it,  and  see  the 
sticky  pellets  which  are  crowded  together  there.  Each 
is  a  sperm,  a  cell  that  contains  a  nucleus,  on  the  circum¬ 
ference  of  which  is  a  centrosome.  Eemove  one  of  these 
cells  and  hold  it  on  the  point  of  a  needle.  If  you  could 
see  and  understand  the  mechanism  that  is  in  it,  you 
would  know  how  a  man  can  resemble  his  father. 

The  mechanism  is  beyond  our  conception,  and  even 
the  vague  bit  that  science  knows  is  incredible.  Yet  the 
only  possible  explanation  of  the  facts  known  about  a 
grain  of  pollen  is  that  every  detail  of  the  whole  life  of 
the  whole  of  e  tiger  lily  is  precisely  represented  in  the 
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invisible  nucleus  of  tlie  almost  invisible  globule.  Unless 
modern  biology  is  a  hallucination,  we  must  believe  that 
all  the  myriad  parts  of  all  the  rootlets  and  leaves  and 
stamens  of  an  adult  lily  exist  potentially  in  this  cell.  If 
this  supposition  depended  on  logic,  it  would  be  worth¬ 
less  ;  if  there  were  any  rational  way  to  avoid  it,  science 
would  gladly  be  rid  of  it.  But  it  can  not  be  escaped. 

Inside  the  circle  of  male  stamens  is  a  ring  of  female 
pistils.  At  the  base  of  each  is  a  female  germ-cell,  in 
wdiich  also  there  exists,  potentially,  a  full  plant.  It 
might  conceivably  grow  by  successive  cell-divisions 
into  a  fertile  lily.  So  might  a  pollen  grain.  In  some 
lower  organisms  the  generations  may  be  continued  in¬ 
definitely  without  any  union  of  sexes.  But  in  all  the 
plants  and  animals  that  we  commonly  see  no  single 
germ-cell  does  develop  in  that  way.  It  must  conjugate 
with  another  cell  before  it  can  reproduce  life. 

Any  pollen-grain  that  is  carried  to  the  tip  of  a  pistil 
sends  out  a  growth  which  carries  its  nucleus  down  to 
the  base  of  the  pistil,  where  the  egg  is  waiting.  It  pen¬ 
etrates  the  covering  of  the  egg.  Its  centrosome  forms 
a  spindle.  On  one  side  of  the  spindle  are  the  chromo¬ 
somes  of  the  sperm ;  on  the  other  side  are  the  chromo¬ 
somes  of  the  egg.  The  two  sets  of  chromosomes  are 
ranged  in  a  line  across  the  equator  of  the  spindle  and 
are  all  split  in  half.  Then  one  set  of  halves  from  the 
sperm  and  one  set  of  halves  from  the  egg  are  drawn  to 
a  pole  of  the  spindle.  The  other  two  sets  are  drawn  to 
the  opposite  pole.  Thus  two  cells  are  born  of  one,  and 
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in  eacli  new  cell  there  is  a  mixture  of  elements  from 
father  and  mother.  Each  of  the  new  cells  now  divides 
into  two,  and  so  the  multiplication  continues.  The  em¬ 
bryo  of  a  lily  is  growing. 

One  of  the  earliest  parts  of  the  architecture  of  this 
new  life  is  the  forming  and  setting  aside  of  a  set  of 
cells  which  are  to  procreate  the  next  generation.  This 
sex  apparatus  is  not  shaped  by  any  thunder-storm  that 
happens  to  come  along,  and  is  not  affected  by  an  earth¬ 
quake.  It  might,  conceivably,  be  stunted  or  deranged 
if  nourishment  failed  the  mother  plant,  but  in  general 
it  is  independent  of  external  influences.  Its  develop¬ 
ment  is  produced  by  the  mechanism  of  heredity,  and  by 
that  alone.  It  is  designed  and  prepared  by  the  pre¬ 
cisely-working  devices  of  some  invariable  laws  of 
heredity. 

When  the  embryo  has  reached  a  certain  stage  of  de¬ 
velopment,  at  which  it  contains  some  tens  of  thousands 
of  cells,  the  cell-growth  ceases  and  the  life  in  it  becomes 
dormant.  It  is  a  seed  that  can  endure  drought  and  cold 
for  years.  In  the  right  conditions  of  moisture  and  tem¬ 
perature  its  cells  will  resume  their  growth  and  will 
form  a  plant. 

I  have  briefly  described  heredity  in  a  tiger  lily.  The 
description  would  apply,  for  all  essential  particulars, 
to  heredity  in  all  plants  and  insects  and  fish  and  men. 
Every  mortal  was  at  first  a  single  cell,  in  which  a 
sperm  nucleus  conjugated  with  an  egg  nucleus,  in 
which  the  chromosomes  from  the  parents  were  inter- 


176 


EXPLORING  THE  UNIVERSE 


mixed,  and  from  which  grew  two,  then  four,  then  eight, 
then  sixteen,  and  finally  the  many  trillion  cells,  of  the 
adult  body. 

4.  Mendelian  Inheritance 

In  that  commingling  of  father  and  mother  chromo¬ 
somes  lie  all  the  secrets  of  inheriting  resemblances 
from  parents.  It  is  now  known — not  by  speculation, 
but  by  multiplied  observations  of  actual  happenings  in 
fertilized  eggs  — that  the  chromosomes  in  a  nucleus 
provide  all  the  characteristics  of  an  offspring.  And  it 
is  known,  by  accurate  demonstration,  that  every  chro¬ 
mosome  is  an  aggregate  of  innumerable  and  inter¬ 
related  parts  of  inheritance — an  organism  so  vastly 
complicated  that  science  seems  unlikely  ever  to  be  able 
to  learn  its  details.  Its  major  parts  are  called  genes  or 
determiners,  because  they  generate  or  determine  what 
the  new  individual  is  to  inherit.  Within  each  gene 
there  must  be  an  intricate  factory  for  more  particulars 
of  heredity  than  the  art  of  man  has  yet  counted. 

All  that  can  be  seen  under  a  microscope  is  a  few 
glimpses  of  the  more  obvious  operations  of  a  few 
genes.  The  chromosomes  are  seen  to  join  as  if  in  a 
kind  of  mating ;  there  seems  to  be  some  interchange  of 
parts.  The  most  obvious  sight,  and  the  most  signifi¬ 
cant  for  understanding  heredity,  is  the  distribution  of 
genes,  the  mixing  of  the  parental  factors  of  life  in  new 
combinations.  These  seem  to  be  purely  a  matter  of 
chance— -that  is,  they  are  what  would  result  if  so  many 
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thousand  cards  from  two  piles  were  shuffled  and  dealt 
by  an  honest  player.  Chance  is  a  dreadful  word  to  a 
philosopher;  he  argues,  quite  correctly,  that  nothing 
can  really  happen  by  chance  and  that  chance  could 
never  build  an  organism.  The  scientist  agrees  entirely. 
Why,  then,  do  biologists  continue  to  talk  of  chance? 

The  scientist  replies:  ‘^We  have  no  knowledge 
whatever  of  why  any  given  gene  is  excluded  from  in¬ 
heritance  or  is  made  potent  in  inheritance.  Science 
never  does  know  the  why  of  any  similar  complicated 
process — for  example,  why  a  certain  humming  bird 
goes  to  fifty  fuchsia  blossoms  and  not  to  another  fifty, 
or  why  a  certain  percentage  of  the  human  race  die 
every  year.  We  do  not  know  the  conditions  that  gov¬ 
ern  such  happenings,  but  we  observe  as  a  matter  of 
mathematics  that  they  are  in  accord  with  what  we  call 
‘the  laws  of  chance.’  So  we  use  the  word  chance  as  a 
name  for  our  ignorance.  We  know  that  nothing  can 
happen  without  a  cause.  There  is  some  absolutely  pre¬ 
cise  reason  why  a  thousand  hands  of  solitaire  will  aver¬ 
age  up  closely  with  the  next  thousand,  but  we  are  ig¬ 
norant  of  why  the  player’s  muscles  shuffled  just  as  they 
did  for  any  one  hand;  he  might  just  as  well  have  cut 
the  cards  once  more,  and  so  have  had  a  different  result. 
Since  we  do  not  know  the  causes  of  the  nervous  stim¬ 
ulus  to  the  muscles  in  each  case,  we  call  the  result 
‘chance.  ’  In  the  same  way,  as  a  profession  of  complete 
ignorance,  we  say  that  the  genes  of  the  chromosomes 
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in  any  fertilization  are  recombined  in  a  chance  assort¬ 
ment.  ’  ’ 

It  seems  probable  that  every  gene  of  the  fertilized 
cell  contains  a  double  outfit  of  heredity,  one  from  the 
father  and  one  from  the  mother;  and,  furthermore, 
that  in  every  one  of  the  dual  outfits  the  work  is  carried 
on  by  one  half,  while  the  other  half  lies  dormant  and 
never  shows  itself  in  the  body  of  the  individual.  To 
illustrate,  by  a  very  plain  and  simple  example :  in  the 
formation  of  a  canary  egg  there  is  a  determiner  for  the 
kind  of  feathers  that  are  to  cover  the  top  of  the  head ; 
if  either  or  both  half-outfits  are  crest-producing,  the 
infant  will  have  a  crest ;  if  both  are  plain-feather-pro¬ 
ducers,  the  young  bird  will  have  a  smooth  head. 

These  dormant  genes  are  called  recessives — a  name 
that  bids  fair  to  be  the  best-known  and  the  most  signifi¬ 
cant  among  all  the  terms  invented  by  students  of 
heredity.  For  it  is  the  recessive  genes  which  conceal 
the  facts  of  heredity,  which  make  us  suppose  that  chil¬ 
dren  need  not  inherit  the  characters  of  parents,  which 
cause  the  mysterious  resemblances  to  grandparents, 
which  carry  qualities  over  one  or  more  generations  to 
bring  them  out  in  later  generations.  It  is  the  recessive 
genes  which  make  it  difficult  for  scholars  to  explain  to 
the  public  how  a  weakness  may  be  hereditary,  though 
it  does  not  appear  in  the  first  generation. 

Take  color-blindness  as  an  example.  It  is  consid¬ 
ered  hereditary;  yet  women  are  seldom  color-blind, 
and  the  son  of  a  color-blind  man  may  not  be  color- 
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blind;  the  daughters  and  the  fortunate  son  carry  a  re¬ 
cessive  gene  which  may  produce  color-blindness  in 
their  sons  and  thus  afflict  them  with  the  taint  that  has 
been  latent  in  the  stream  of  heredity.  Or  consider  can¬ 
cer.  The  latest  pronouncement  on  this  baffling  subject, 
made  very  conservatively  by  a  convention  of  special¬ 
ists  in  September,  1926,  states  that  ^^a  certain  predis¬ 
position  to  cancer  is  apparently  transmissible  through 
inheritance,’’  but  goes  on  to  say  that  cancer  may  not  be 
inherited  even  when  both  parents  are  cancerous.  This 
sounds  self-contradictory  to  any  reader  who  has  not 
heard  of  recessive  genes.  The  physicians  would  have 
added  the  explanation  if  the  public  had  been  educated 
to  understand  it.  Probably  the  coming  generation  will 
learn  in  school  the  details  of  how  recessive  genes  can 
carry  a  weakness  to  great-grandchildren  through  two 
generations  that  did  not  have  the  weakness. 

The  knowledge  of  how  the  genes  in  chromosomes 
build  a  child  out  of  myriads  of  components  from  two 
parents  is  called  Genetics,  This  is  a  very  new  science, 
born  in  1900,  when  the  work  of  an  Austrian  monk,  J.  G. 
Mendel,  was  published  to  the  scientific  world.  He  had 
made  a  series  of  simple  experiments  in  crossing  sweet- 
peas  and  recording  the  inheritance  of  a  few  obvious 
characters,  such  as  height  of  vine,  color  of  blossoms, 
and  shape  of  pods.  In  the  succeeding  quarter  of  a  cen¬ 
tury  his  experiments  were  extended  widely  in  many 
fields  of  plant  and  animal  life — most  notably  by  T.  H. 
Morgan,  of  Columbia  University,  in  observing  the 
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complications  of  inheritance  in  a  fruitfly,  Drosophila. 
All  that  can  be  found  out  by  all  the  geneticists  confirms 
the  original  intuition  of  Mendel — that  every  plant  and 
animal  is  a  composite  of  units  of  character  which  are 
built  into  a  whole  new  organism  by  a  mechanism  of 
unimaginable  complexity  and  precision.  The  theory — 
fully  substantiated  but  not  yet  extended  to  many  de¬ 
tails — is  called  Mendelism.  To-day  all  agriculturists 
and  breeders  and  physicians  think  in  terms  of  Men¬ 
delism.  Every  proposal  for  improving  the  quality  of 
the  human  race  must  reckon  with  Mendelism.  Any 
educated  person  who  wishes  to  understand  the  debates 
about  the  betterment  of  the  race  must  read  some  book 
about  Mendelism — for  example  Genetics^  by  H.  E. 
Walter. 

5.  Heredity  in  Evolution 

Also  every  educated  person  with  such  an  ambition 
should  read  some  book  that  gives  an  outline  of  the  evo¬ 
lution  theory  as  it  is  understood  to-day.  Here  there  is 
no  space  for  a  lengthy  explanation.  But  I  can  clear  the 
way  somewhat  by  describing  briefly  the  most  salient 
points  and  the  principal  misconceptions. 

a.  More  than  half  of  the  Britannica  Encyclopedia 
article  on  evolution,  and  most  of  Osbornes  From  the 
Greeks  to  Darwin,  are  concerned  mth  the  general  phil¬ 
osophical  idea  that  all  the  visible  universe  has  come  to 
its  present  form,  and  will  develop  into  future  forms,  by 
the  operations  of  natural  laws  of  cause  and  effect.  No 
modern  scientist  disputes  that  thesis.  But  it  is  so 
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vague  and  all-inclusive — ranging  from  sand  to  souls — • 
that  it  means  nothing  to  science.  It  is  mere  Spencerian 
philosophy.  Science  knows  nothing  about  progress  in 
evolution,  because  progress  can  not  be  defined  or  meas¬ 
ured.  Science  has  no  knowledge  of  a  general  advance 
toward  perfection,  because  perfection  is  a  meaningless 
term  outside  of  philosophy  and  theology.  Science 
knows  nothing  of  hope  or  fear  in  connection  with  evo¬ 
lution  ;  it  knows  only  of  perpetual  change  in  adjusting 
organisms  to  their  environments. 

h.  The  only  evolution  which  science  can  use  is  the 
very  restricted  and  specific  theory  that  plants  and  ani¬ 
mals  have  reached  their  present  development  by  a 
series  of  alterations  that  have  been  inherited.  It  is  a 
purely  biological  theory.  But  as  to  the  nature  of  these 
alterations  (called  ^‘variations’’),  and  as  to  how  they 
are  inherited,  great  differences  of  opinion  exist. 
Biology  has  not  demonstrated  surely  the  nature  and 
the  causes  of  organic  evolution.  It  merely  discovers  the 
unmistakable  evidence  that  all  organic  life  has  been  a 
continuous  stream  of  forms,  which  have  flourished  for  a 
time  and  have  become  extinct,  while  new  forms  have 
arisen  to  take  their  places.  Some  organisms  have 
grown  into  simpler  forms,  into  what  we  are  pleased  to 
call  degraded  or  retrograde  forms.  Since  these  were 
better  adapted  to  gain  a  living,  they  survived.  Whether 
they  were  better  by  any  absolute  standard  is  a  question 
for  metaphysics. 


182 


EXPLORING  THE  UNIVERSE 


c.  Darwin’s  hypothesis  in  his  Origin  of  Species 
explained  the  operation  of  evolution  as  follows:  (1) 
An  organism  is  never  exactly  like  its  parents;  some¬ 
times  the  heredity  mechanism  creates  in  an  organism  a 
new*  type  of  structure  which  can  be  reproduced  in  its 
descendants.  (2)  If  such  a  new  character  is  not  useful 
for  winning  a  living,  the  organism  which  inherits  it 
will  he  less  likely  to  survive  in  the  competition  of  the 
struggle  for  existence.  Ultimately  the  character  will 
die  out.  (3)  But  if  the  character  is  helpful  in  the 
struggle  for  existence,  it  will  tend  to  survive,  to  appear 
more  and  more  frequently  in  the  descendants,  and  ulti¬ 
mately  to  he  a  common  heritage  in  the  species.  (4) 
Darwin  used  as  a  cogent  illustration  (though  it  was  by 
no  means  a  proof)  the  fact  that  a  variation  in  plants 
and  animals  can  be  noticed  by  breeders,  can  be  propa¬ 
gated  by  selecting  all  individuals  in  which  the  variation 
occurs  through  a  series  of  generations,  and  can  finally 
be  made  a  regular  part  of  the  inheritance  of  a  race. 
Examples  are:  hornless  cattle,  many-petaled  flowers, 
pouter  pigeons,  seedless  oranges.  This  process  is  arti¬ 
ficial  selection,  (5)  Darwin  argued  that  nature  acts  in 
an  analogous  way,  as  if  she  selected  useful  characters 
for  survival ;  and,  by  a  sort  of  parable,  he  employed  the 
term  natural  selection,  (6)  Darwin  did  not  base  any 
reasoning  on  his  parable ;  he  was  not  fanciful ;  he  sup¬ 
ported  his  theory  by  a  stupendous  array  of  undisputed 
facts  which  made  the  theory  seem  probable — not  cer¬ 
tainly  demonstrable.  (7)  Most  biologists  to-day 
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(though  there  are  numerous  exceptions)  still  suppose 
that  Darwin’s  hypothesis  is  largely  correct.  But  few  of 
them  are  in  love  with  natural  selection.  They  would 
gladly  welcome  any  more  probable  theory.  Until  that 
theory  arrives  they  will  continue  to  work  by  Darwin’s 
hypothesis,  which  has  not  been  demolished  by  the  great 
variety  of  attacks  made  upon  it  during  the  last  two- 
thirds  of  a  century. 

d.  All  biologists,  whatever  their  views  about  nat¬ 
ural  selection,  unite  in  considering  that  evolution  cen¬ 
ters  in  germ-cells.  Those  who  are  most  skeptical  about 
natural  selection  are  the  ones  who  have  delved  deepest 
into  the  study  of  germ-cells.  It  is  an  obvious  fact  that 
every  animal  is  shaped  in  the  beginning  by  a  precise 
mechanism — so  precise  that  it  reproduces  the  slightest 
peculiarities  of  anatomy  and,  presumably,  of  mental 
disposition.  The  embryo  grows  by  an  exact  mechanism 
of  cell  division.  Hence  it  is  reasonable  to  argue  that 
every  individual  is  predetermined  in  all  his  parts  from 
the  moment  when  the  chromosomes  of  sperm  and  egg 
have  been  distributed  for  the  formation  of  the  first 
pair  of  cells.  But  there  are  two  possibilities  that  an 
individual  may  be  partially  shaped  by  forces  outside 
the  mechanism:  (1)  The  embryo,  or  a  sperm  or  an 
egg  while  it  is  being  manufactured,  may  be  altered  by 
influences  from  a  parent’s  body  or  even  by  influences 
from  outside  the  body;  (2)  The  nature  of  an  individual 
may  be  profoundly  altered  after  birth  by  the  forces  of 
its  environment — such  as,  in  the  case  of  human  be- 
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ings,  hardship,  education,  discipline,  stimulus  of  am¬ 
bition.  I  will  briefly  comment  on  each  possibility. 

(1)  The  germ-cells  and  embryo  are  much  more  de¬ 
tached  from  a  parentis  body  than  anon-technical  person 
imagines.  They  are  more  like  independent  parasites 
within  the  adult  body  than  they  are  like  parts  of  the 
body  which  can  be  controlled  and  shaped  by  the  organs. 
One  of  the  greatest  and  keenest  students  of  heredity, 
Weismann,  pictured  the  sex  apparatus  as  being  remote 
from  bodily  influence,  set  apart  from  it,  and  leading  a 
quite  independent  career,  impregnable  to  outside 
forces.  During  the  last  fifteen  years  many  students  of 
germ-cells  have  become  convinced  that  an  embryo  is 
less  detached  than  Weismann  supposed,  but  there  is  as 
yet  only  scant  evidence  that  its  growth  can  be  much 
modified  in  a  structural  way.  Outside  forces  may  pos¬ 
sibly  damage  or  weaken  it,  but  there  is  no  proof  that 
they  can  produce  a  corresponding  change  in  growth. 
To  illustrate:  if  a  mother  is  under-nourished  or  sub¬ 
jected  to  nervous  strain  during  pregnancy,  the  embryo 
may  be  damaged ;  but  if  the  mother  studies  calculus  or 
is  frightened  by  a  tiger,  there  is  no  possibility  that 
the  infant  will  be  made  more  mathematical  or  tigerish. 

(2)  Great  alterations  may  be  caused  in  young  indi¬ 
viduals  by  training.  Suppose  a  healthy  child,  born  of 
healthy  and  intelligent  parents  on  an  Ohio  farm,  is 
taken  as  an  infant  to  live  in  a  village  of  savages  on  the 
upper  Amazon.  Suppose  that  his  twin  brother,  identi¬ 
cal  in  all  bodily  and  mental  capacities,  is  brought  up  in 
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the  family  of  an  English  earl  and  sent  to  Eton  and  Ox¬ 
ford.  When  the  brothers  are  forty  years  old  there  is  a 
world  of  difference  between  them.  The  environments 
have  altered  them  out  of  all  resemblance  to  each  other. 
But  how  profound  are  the  alterations!  If  we  could 
experiment  with  human  beings  as  we  can  with  irises, 
we  might  bring  the  Brazilian  brother  to  England  and 
mate  both  brothers  to  identical  English  twin  girls.  Sup¬ 
pose  that  a  son  is  born  to  each  couple  and  removed  at 
once  from  the  keeping  of  the  parents.  Suppose  that 
the  son  of  the  Oxford  father  is  at  once  sent  to  the  Bra¬ 
zilian  forest,  and  the  son  of  the  Brazilian  father  is  sent 
to  Eton  and  Oxford.  Would  the  effects  of  environment 
in  the  two  fathers  show  in  the  sons — that  is,  would  the 
child  in  the  forest  be  more  Oxfordian,  or  the  child  in 
the  English  school  be  more  Brazilian!  Most  biologists 
would  answer  with  a  decided  negative ;  they  think  that 
artificially  acquired  education  can  not  be  transmitted 
to  children.  Some  cautious  biologists  would  answer 
that  to  some  extent  the  education  might  be  trans¬ 
missible,  though  the  possibility  is  very  slight.  A  few 
biologists  think  that  the  possibility  is  strong,  though 
they  would  hardly  expect  visible  results  in  one 
generation. 

6.  Can  '^Acquired  Characters  Be  Inherited? 

We  have  now  reached  the  crucial  question  of  evolu¬ 
tion  as  applied  by  man  with  the  purpose  of  improving 
the  race:  Can  changes  brought  about  in  our  bodies 
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during  our  lifetime  be  inherited?  Only  fifty  years  ago 
it  was  assumed  by  the  leading  students  of  heredity 
that  if  a  man  slashed  his  thumb  his  child  might  inherit 
an  injured  thumb.  Herbert  Spencer  believed,  as  an 
obvious  fact,  that  if  a  man  cultivated  an  excellent  hand¬ 
writing  this  accomplishment  might  be  inherited  by  his 
children.  Most  of  us  still  assume  that  effects  of  educa¬ 
tion  or  social  environment  or  privation  or  illness 
or  alcoholism  or  lifelong  habits  can  be  inherited.  All 
such  alterations  in  a  personas  body  or  mind  during  his 
lifetime  are  technically  called  acquired  characters, 
and  the  vital  question  in  the  study  of  heredity  has  al¬ 
ways  been,  ‘  ^  Can  acquired  characters  be  inherited  ?  ’  ^ 

About  this  question  rages  a  great  battle  of  opinion. 
Few  people  are  able  to  examine  the  question  with  cold¬ 
blooded  curiosity,  because  either  answer  has  corol¬ 
laries  which  extend  far  into  the  realm  of  plans  for  the 
betterment  of  education  and  the  improvement  of  our 
social  organization.  Probably  you  and  I  are  much 
more  prejudiced  than  we  realize.  In  this  section  we 
must  strive  to  put  preconceptions  and  hopes  aside,  to 
see  the  elements  of  the  question  with  mere  curiosity  as 
to  the  facts  involved,  to  understand  where  knowledge 
ends  and  ignorant  pleading  begins. 

The  question  is  really  in  two  parts.  If  we  can  dis¬ 
entangle  these  and  answer  one  part  at  a  time,  we  shall 
clarify  our  minds.  I  shall  examine  the  first  part  in 
this  section;  the  second  part  is  the  burden  of  eugenics, 
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The  first  part  is  purely  a  matter  of  biological  fact 
in  the  realm  of  plants  and  lower  animals — ^namely, 
^^Can  changes  made  in  an  individual  during  its  life  be 
inherited  r’  An  extreme  and  crude  example  would  be 
this:  if  the  bark  of  a  rose-bush  is  frequently  hacked 
with  a  knife  blade  for  five  years,  can  its  seeds  be  so 
affected  that  one  of  them  might  finally  give  birth  to  a 
bush  with  a  scarred  bark  1  Fifty  years  ago  the  answer 
of  the  whole  learned  world  was,  ^‘Yes,  it  is  possible 
that  the  mutilations  of  the  bark  might  be  inherited.’’ 
The  greatest  and  most  acute  investigator  of  cells  dur¬ 
ing  Darwin’s  life  believed  that  the  mutilation  of  a  claw 
or  a  tail  might  be  inherited.  Darwin  did  not  presume 
to  deny  the  belief.  But  it  was  vigorously  assailed  by 
Weismann,  who  experimented  to  find  out  whether 
twenty-two  successive  generations  of  mice  would  ac¬ 
quire  a  character  if  their  tails  were  chopped  off.  He 
could  not  produce  an  infant  mouse  whose  tail  had  been 
in  the  least  affected  by  heredity. 

Many  similar  experiments  by  other  men,  and  much 
critical  sifting  of  supposed  evidence,  finally  discredited 
the  idea  that  mutilations  can  be  inherited.  Indeed, 
the  experiment  of  Weismann  is  considered  unfair,  so 
gross  that  it  proves  nothing.  But  Weismann  did  not 
suppose  that  he  was  overthrowing  a  whole  theory  by 
mere  amputations.  He  had  to  begin  somewhere.  He 
began  with  the  easiest  and  crudest  kind  of  case.  If  he 
could  prove  that  scholars  had  been  gullible  in  their 
reasoning  about  sheer  myths  of  heredity,  he  could  then 
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inquire,  ^^What  next?  Where  does  this  inheritance  of 
acquired  characters  begin?’’ 

The  challenge  has  been  continually  repeated  since 
his  day.  In  one  case  after  another  the  challengers  have 
examined  and  exploded  data  that  were  supposed  to  be 
conclusive.  Evidence  for  the  inheritance  of  acquired 
characters  has  steadily  been  reduced  in  quantity.  It 
seems  now  to  consist  only  of  some  small  bits  like  the 
spots  of  Kammerer’s  salamanders,  the  mutations  of 
Tower’s  potato  beetles,  or  the  education  of  Pavlow’s 
mice.  I  can  not  learn  of  any  evidence  that  is  not 
dubious.  It  appears,  though  I  shall  seem  ungenerous 
for  saying  so,  that  a  man  who  offers  such  evidence  is 
a  suspicious  character  among  his  colleagues.  One  of 
them  is  suspected  of  tampering  with  his  material ;  an¬ 
other  has  committed  suicide  while  I  am  writing  this 
chapter;  a  third  talks  more  like  a  warrior  than  an 
investigator.  Most  of  them  have  a  complaining  or 
indignant  tone,  as  if  they  felt  that  they  were  being 
persecuted  by  the  orthodox  scientists  who  will  not  tol¬ 
erate  heresy. 

That  sort  of  complaint  deserves  a  comment,  because 
we  all  have  a  tendency  to  think  that  a  heretic  is  a 
prophet  whose  wisdom  is  being  suppressed  by  bigots. 
It  is  no  doubt  true  that  many  biologists,  being  as  hu¬ 
man  and  as  intolerant  as  the  rest  of  us,  do  wish  to  up¬ 
hold  orthodoxy  and  are  breathing  fire  and  slaughter 
against  perverters  of  standard  doctrine.  It  is  true 
that  novelties  in  science  have  been  hooted  at  by  those 
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in  power.  But  in  the  case  of  these  persecuted  biolo¬ 
gists  we  must  remember  the  history  of  their  creed.  The 
inheritance  of  acquired  characters  was  the  original 
doctrine  and  was  tyrannously  in  power  all  during  Dar¬ 
win’s  life.  What  is  more,  most  biologists  agree  that  an 
evolution  theory  would  be  more  comprehensible  if 
only  the  inheritance  of  acquired  characters  could  be 
proved ;  they  would  like  to  see  it  proved.  What  is  still 
more,  any  experimenter  who  could  make  out  a  strong 
case  would  have  the  world  by  the  ears  and  would  win 
much  fame  and  money.  I  will  give  a  funny  example  of 
the  evidence  on  which  that  statement  is  based.  One 
night  wdien  I  went  early  to  hear  the  most  persecuted  of 
the  prophets,  Kammerer,  the  hall  was  already  packed 
full;  yet  in  that  same  university  community  a  much 
more  famous  orthodox  lecturer  on  hereditv  could  not 
draw  an  audience  of  three  dozen. 

It  really  seems  to  me  that  the  preference  of  the  biol¬ 
ogists  and  the  passion  of  the  sociologists  are  strongly 
enlisted  on  the  side  of  the  inheritance  of  acquired  char¬ 
acters,  but  that  the  desires  are  thwarted  by  most  of  the 
evidence  now  available.  No  careful  biologist  denies  the 
possibility  that  such  inheritance  may  be  a  fact  and  may 
some  day  be  demonstrated.  Careful  biologists  have  to 
admit  that  present  evidence  is  strongly  adverse.  Even 
to  imagine  any  way  in  which  accidents  to  a  body  or 
training  of  mental  habits  could  be  transferred  to  a 
germ-cell,  so  as  to  produce  a  corresponding  change  in 


190 


EXPLORING  THE  UNIVERSE 


that  mechanism,  is  impossible  in  the  present  state  of 
our  knowledge. 

Part  Two :  Eugenics 

1,  The  Social  Importance  of  Acquired  Characters 

I  was  once  astounded  to  find  that  two  friends  of 
mine  ardently  believed  in  the  inheritance  of  acquired 
characters,  though  they  had  not  read  much  of  the  evi¬ 
dence.  Later  I  discovered  that  an  audience  of  ‘‘lib¬ 
erals”  was  strongly  in  favor  of  this  biological  heresy. 
Now  I  have  learned  that  the  dislike  of  the  orthodox 
theory  is  wide-spread  and  intense.  This  is  the  second 
part  of  the  question  whether  acquired  characters  can 
be  inherited. 

The  vitality  of  the  heresy,  its  deep  significance  for 
all  of  us  in  a  practical  way,  appears  in  the  distress  of  a 
certain  mother  when  she  encountered  for  the  first  time 
the  idea  that  better  environment  for  her  child  might 
not  improve  the  heritage  of  a  grandchild.  “Does  this 
mean,”  she  inquired  with  much  feeling,  “that  if  par¬ 
ents  discipline  and  improve  themselves,  if  they  con¬ 
scientiously  train  the  child  to  good  habits,  if  they  sac¬ 
rifice  to  give  the  child  a  better  education,  their  efforts 
will  not  implant  in  the  child  a  better  heritage!”  Every 
parent  must  wish  that  education  and  home  influence 
could  be  inherited. 

This  wider  implication  of  the  question  for  reason¬ 
ing  about  society  is  argued  with  much  emotion  in  many 
books,  along  this  line:  “The  theory  that  education  can 
not  be  inherited  is  snobbish.  It  teaches  that  every  per- 
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son  is  doomed  in  the  germ-cell  to  be  of  a  certain  degree 
of  fitness  and  that  no  improvement  of  his  environment 
can  improve  his  children.  It  implies  that  social  classes 
are  fixed  by  heredity  and  that  no  plans  of  reform  can 
alter  the  decree  of  the  germ-cells.  It  encourages  a 
caste  system.  It  discourages  any  effort  to  help  the 
lower  classes.”  The  dread  of  the  non-inheritance  of 
training  is  so  great  as  to  bring  disrepute  upon  the  pro¬ 
gram  of  eugenics.  ^‘Against  eugenics  it  is  urged,” 
says  C.  B.  Davenport,  one  of  the  leading  students  of 
heredity,  ‘‘that  it  is  a  fatalistic  doctrine  and  deprives 
life  of  the  stimulus  towards  effort.”  So  fierce  is  the 
resentment  against  the  biological  theory  that  many  an 
author  labors  to  placate  it  or  smooth  it  away,  ad¬ 
mitting  that  “of  course  environment  is  also  very  im¬ 
portant;  much  can  be  said  on  both  sides.”  Thus  th^ 
issue  is  befogged. 

Few  of  us  can  be  merely  curious  about  this  issue. 
We  all  instinctively  want  to  fight.  Our  comical  intel¬ 
lects  argue  about  a  question  of  fact  in  biology  as  if  it 
were  a  beauty  contest  where  our  tastes  were  valid.  Far 
be  it  from  me  to  presume  to  be  an  umpire  in  such  a 
battle.  I  have  no  more  wisdom  than  the  next  man.  But 
I  can  offer  an  outline  of  the  points  in  dispute  and  sug¬ 
gest  to  any  non-combatant  reader  what  information  he 
needs  before  he  can  reach  a  solution  for  himself. 

a.  There  is  the  issue  of  the  sheer  fact  as  to  germ, 
cells.  Read  an  encyclopedia  article  about  them,  ponder 
some  of  the  pictures  in  such  a  book  as  E.  B.  Wilson 
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The  Cell,  and  decide  by  what  imaginable  process  edu¬ 
cation  could  enter  into  chromosomes. 

h.  There  is  the  issue  of  the  experiments  which 
seem  to  show  that,  as  a  matter  of  observation,  educa¬ 
tion  does  enter  into  chromosomes.  Ascertain  how 
much  of  this  there  is  and  how  far  it  ought  to  weigh 
against  opposing  evidence. 

c.  Not  the  most  bigoted  biologist  ever  dreamed  of 
denying  that  education  in  a  favorable  environment  can 
be  of  incalculable  benefit  to  the  individual.  No  rational 
person  denies  that  the  whole  laboring  class  might  be 
uplifted  and  society  bettered  by  improving  the  envir¬ 
onment  of  laborers. 

d.  If  one  generation  of  a  social  class  can  be 
improved  by  altering  its  environment,  the  next 
generation  can  maintain  the  improvement,  as  a  social 
adjustment.  The  improvement  could  be  continued  in- 
definitly  in  future  generations,  even  if  there  is  no 
alteration  of  germ-cells. 

e.  How  ei  parent’s  upbringing  of  a  child  wasted 
if  a  better  environment  is  created?  Perhaps  the  most 
hopeful  parent  would  find,  if  he  examined  all  his  hopes, 
that  they  could  be  fulfilled  in  terms  of  education  and 
favorable  surroundings.  Perhaps  if  he  hoped  to  alter 
chromosomes,  he  would  be  desiring  a  miracle. 

/.  We  are  prone  to  think  only  of  the  credit  side  of 
the  ledger  of  inheritance — of  the  benefits  we  want  to 
perpetuate.  Consider  the  debit  side.  What  of  the 
weakness  and  error  and  self-indulgence  and  illness 


HEREDITY 


193 


that  produce  ill  etJects  upon  the  bodies  of  even  very 
conscientious  parents?  If  acquired  characters  can  be 
inherited,  then  all  these  severe  debits  will  be  charged 
against  innocent  offspring.  Possibly  Nature  has  been 
wise  (she  really  is  wise  sometimes)  in  providing  that 
these  debits  should  not  be  inherited.  You  can  not  have 
germ-cells  work  for  you  both  ways  at  once.  Which  way 
would  you  choose? 

2.  Trying  to  Direct  Our  Own  Evolution 

Only  half  a  century  ago  heredity  was  discussed 
by  guessing  and  preaching:  perhaps  a  sperm  merely 
excited  an  egg  to  growth ;  perhaps  the  egg  was  merely 
a  place  where  the  sperm  could  grow;  attached  to  this 
base,  material  body  was  a  glorious  intellect  that  had 
been  created  somehow  or  other ;  and  over  body  and  in¬ 
tellect  was  a  heaven-sent  soul;  each  child  was  a  spe¬ 
cial,  supernatural  creation. 

Now  we  know  that  heredity  is  a  matter  of  precise 
mechanism.  Science  has  seen  the  conjugation  of  two 
equal  cells,  has  seen  within  them  the  nuclei,  and  within 
the  nuclei  has  observed  chromosomes,  and  far  within 
the  chromosomes  has  detected  and  plotted  the  genes. 
At  every  stage  of  exploration  the  new  discoveries  have 
been  increasingly  mechanistic.  Every  indication  is 
that  the  farther  we  penetrate  into  genes  the  more  we 
shall  learn  that  their  apparatus  works  by  invariable 
law. 

To  some  people  the  discovery  of  mechanism  is  a 
grief.  They  assume  that  horrible  matter  is  being 
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exalted  and  heavenly  spirit’’  destroyed.  (This  is 
my  principal  reason  for  writing  Chapter  IX.)  Ga¬ 
maliel  Bradford  has  told  us,  in  his  chapter  entitled 
‘^Darwin  the  Destroyer,”  that  evolution  has  shaken 
our  temple  of  old  faiths  to  fragments  and  left  us  naked 
in  the  dreary  void  of  physical  law.  We  are  all  dis¬ 
posed,  when  we  first  learn  about  heredity  as  undevi¬ 
ating  mechanism,  to  fear  that  the  sanctuary  of  life  has 
been  desecrated  and  our  best  hopes  slaughtered  before 
the  altar.  It  is  not  unnatural  or  unreasonable  that  we 
should  feel  so  while  the  knowledge  is  new. 

But  we  are  silly  cowards  if  we  let  ourselves  con¬ 
tinue  long  in  that  feeling.  What  man  of  sense  would 
wish  to  preserve  ideas  that  are  contrary  to  the  evi¬ 
dence  of  his  senses?  What  harm  can  possibly  come 
from  discovering  the  facts  of  nature?  Our  life  is  what 
it  is,  and  no  mere  thoughts  can  either  elevate  or  de¬ 
grade  it.  The  only  beauty  in  it  must  be  the  truth  of 
it — poetry  and  science  and  common  sense  are  all  agreed 
as  to  that.  To  wail  against  the  beauty  of  truth  is  to 
prefer  a  life  of  dreams  and  myths.  All  healthy  minds 
will  feel  more  happy  as  they  discover  more  facts  and 
will  laugh  cheerfully  as  old  fancies  evaporate.  There 
is  nd  evidence  in  all  our  history  that  any  new  knowl¬ 
edge  of  facts  ever  made  life  less  desirable  or  the  uni¬ 
verse  less  marvelous  and  reverend. 

Anyhow,  whatever  our  sentiments,  we  wish  to  be 
informed  as  to  what  the  knowledge  of  heredity  may 
mean  in  civilization.  The  race  is  now  in  possession  of 
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some  facts  about  human  germ-cells,  and  it  is  talking 
mightily  about  doing  something  with  the  facts.  It  sees 
how  the  human  animal  could  be  manipulated  as  well  as 
chrysanthemums  or  horses.  Why  not  breed  out  the  de¬ 
fectives?  Why  not  increase  the  propagation  of  the 
superior  individuals?  Why  not,  by  taking  thought, 
produce  supermen? 

Poetry,  which  has  found  a  thrilling  theme  in  the 
way  mankind  learned  to  use  fire,  will  strain  all  its 
cords  to  bursting  if  ever  it  has  a  chance  to  celebrate 
man’s  mastery  of  heredity.  It  is  not  inconceivable 
that  we  shall  some  time  be  masters  of  heredity.  A  be¬ 
ginning  of  the  conquest  is  well  made.  The  general 
strategy  of  future  operations  is  plain.  If  public 
opinion  grew  strong  for  state  regulation  of  procrea¬ 
tion,  if  race-improvement  became  a  passion  with  us 
and  we  were  willing  to  submit  ourselves  to  sex-regula¬ 
tion,  there  is  no  discernible  limit  to  what  we  might 
achieve  after  our  knowledge  of  germ-cells  has  been  ex¬ 
tended.  No  prophet  is  needed  to  foresee  the  possibili¬ 
ties.  No  argument  is  needed  in  this  chapter  to  display 
them.  Any  one  who  ruminates  a  bit  can  perceive  them. 
No  wonder  that  some  sanguine  writers  hail  the  advent 
of  eugenic  reform.  ^^The  race  has  its  fate  in  its  own 
hands  to  make  or  to  mar,”  exclaims  Professor  S.  J. 
Holmes,  a  wary  and  seasoned  scientist,  whose  most 
fervent  prayer  is  that  he  may  be  delivered  from  fal¬ 
lacies. 
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Can  we  shape  our  own  fate?  What  we  need  in  this 
chapter  is  a  querying  of  Professor  Holmes’s  hope.  Is 
there  any  science  in  it?  Are  we  competent  to  take  the 
helm  of  our  own  evolution?  I  will  make  an  exhibit  of 
the  difficulties  that  eugenics  must  encounter.  This  is 
not  a  display  of  pessimism,  but  a  mere  taking  account 
of  stock.  I  shall  not  attempt  to  marshal  the  difficul¬ 
ties  in  a  full  and  scholarly  array,  but  only  to  suggest 
the  principal  ones  by  asking  a  few  questions. 

a.  Suppose  that  a  given  disease,  say  tuberculosis, 
could  finally  be  bred  out  of  existence  by  forbidding 

children  to  all  who  have  the  disease  or  have  inherited 
any  susceptibility  to  it.  Such  a  feat  is  beyond  the  im¬ 
agination  of  medical  science  to-day,  but  suppose  it  were 
achieved.  Who  knows  what  the  concomitant  result 
would  be  in  the  physique  of  the  new,  emancipated 
generations  of  the  future?  Would  the  immunity 
apparatus,  which  now  renders  a  majority  of  us  safe 
from  attack,  grow  atrophied  and  disappear  from 
heredity  because  it  was  no  longer  a  necessity?  Could 
every  bacillus  of  the  disease  in  the  world  be  killed?  If 
not,  might  the  race  suffer  from  an  overwhelming  recur¬ 
rence  of  the  disease  three  generations  after  it  had  been 
stamped  out? 

&.  At  present  we  do  not  know  what  ^intelligence” 
is.  We  have  vague  and  violent  notions,  but  no  ob¬ 
jective  measurements ;  and  we  do  not  agree  as  to  what 
types  of  intelligence  are  most  conducive  to  general  wel¬ 
fare.  Can  we  hope  ever  to  agree  so  well  that  we  shall 
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dare  to  empower  some  eugenic  executives  to  forbid 
marriage  to  certain  defined  types  of  low  intelligence? 

c.  We  do  not  even  know  what  mental  traits  are, 
nor  the  difference  between  inherited  traits  and  ac¬ 
quired  habits,  nor  what  sort  of  traits  can  be  inherited. 
Harken  to  some  words  by  Professor  John  B.  AVatson, 
formerly  of  Johns  Hopkins  and  now  of  Columbia,  in 
his  Behaviorism^  1924,  Lecture  V: 

There  is  no  such  thing  as  an  inheritance  of  capacity, 
talent,  temperament,  mental  constitution  and  charac- 
tristics. ...  I  defy  any  one  to  take  these  Chinese  and 
Caucasian  infants  at  birth,  study  their  behavior,  and 
mark  off  differences  in  behavior  that  will  characterize 
white  from  black  and  white  or  black  from  yellow.  .  .  . 
You  will  probably  say  that  I  am  flying  in  the  face  of 
the  known  facts  of  eugenics  and  experimental  evolu¬ 
tion — that  the  geneticists  have  proven  that  many  of 
the  behavior  characteristics  of  the  parents  are  handed 
down  to  the  offspring.  My  reply  is  that  the  geneticists 
are  working  under  the  banner  of  the  old  faculty  psy¬ 
chology.  One  need  not  give  very  much  weight  to  any 
of  their  present  conclusions. . . .  Our  conclusion,  then, 
is  that  we  have  no  real  evidence  of  the  inheritance  of 
traits.  I  would  feel  perfectly  confident  in  the  ultimate¬ 
ly  favorable  outcome  of  the  careful  upbringing  of  a 
healthy,  well-formed  baby  born  of  a  long  line  of  crooks, 
murderers,  thieves,  and  prostitutes.  ...  I  should  like 
to  go  one  step  further  and  say:  ‘‘Give  me  a  dozen 
healthy  infants,  well-formed,  and  my  own  specified 
world  to  bring  them  up  in,  and  I’ll  guarantee  to  take 
any  one  at  random  and  train  him  to  become  any  type 
of  specialist  I  might  select — into  doctor,  lawyer,  artist, 
merchant-chief — and,  yes,  even  into  beggar-man  and 
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thief — regardless  of  his  talents,  penchants,  tendencies, 
abilities,  vocations  and  race  of  his  ancestors. 

To  be  sure,  one  Watson  does  not  make  a  science, 
nor  unmake  it.  A  Watson  may  be  wildly  mistaken, 
simply  because  he  has  not  defined  trait.’’  But  if  all 
that  psychology  could  gather  in  the  fifty  years  of  its 
existence  is  now  to  be  challenged  by  a  well-known 
psychologist,  what  are  the  chances  for  the  next 
century? 

d.  There  is  not  yet — after  fifty  years  of  strenuous 
scholarship — any  agreement  as  to  what  type  of  men¬ 
tality  is  superior.  Five  years  ago  there  was  a  tidal 
wave  of  militant  faith  that  ‘‘Nordic”  mentality  was 
necessary  for  the  world’s  salvation;  now  it  is  the  intel¬ 
lectual  fashion  to  poke  fun  at  the  Nordic  claims.  Some 
eminent  anthropologists  and  psychologists  strongly 
doubt  that  we  have,  or  ever  can  have,  any  way  to  de¬ 
cide  what  sort  of  brain  will  prove  best  in  the  coming 
history  of  our  race.  Is  there  much  hope  that  the  sci¬ 
ence  of  the  future  can  emancipate  itself  from  racial 
egotism? 

e.  There  is  no  proof  that  man’s  innate  power  of 
mind  has  increased  during  the  last  two  thousand  years. 
It  is  generally  conceded  that  the  Cro-Magnon  of  twen¬ 
ty-five  thousand  years  ago  was,  essentially,  as  able  as 
we  are.  If  Nature  has  accomplished  so  little  in  five 
hundred  centuries,  may  it  not  be  rash  to  hope  that  hu¬ 
man  contrivance  can  accomplish  much  in  one  century? 
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/.  All  eugenic  proposals  made  in  England  and 
America,  so  far  as  I  know,  emphasize  kindness  and 
gentle  dealing.  No  one  in  this  age  would  dare  to  talk 
otherwise.  I  am  not  so  brutal  as  to  protest.  I  only 
wonder  about  a  policy  of  tenderness  suddenly  applied 
to  the  evolution  of  a  race  which  has  always  heretofore 
been  bred  with  unsparing  severity  in  the  hardest  kind 
of  open  competition. 

g.  Hopeful  books  often  give  the  impression — per¬ 
haps  without  saying  so-— that  natural  selection  is  cruel 
and  that  our  wise  humaneness  will  provide  a  nice  sub¬ 
stitute  for  it.  I  wonder  whether  natural  selection  is 
not  in  operation  now  as  much  as  ever — removing  the 
weak  and  erratic  individuals — and  whether  it  must  not, 
of  necessity,  always  continue  to  operate,  unabated. 

Ji.  There  is  much  reason  for  believing  that  men 
have  always  been  guided  by  a  set  of  customs  which 
were  not  rational  in  origin  and  which  are  held  tena¬ 
ciously  in  opposition  to  reason.  All  institutions  of 
property  and  marriage  and  religion  appear  to  be  com¬ 
pounded  of  social  customs  that  have  happened  to  be 
somewhat  useful,  or  at  least  not  too  destructive.  Any 
program  of  eugenic  reform  must  largely  overcome  this 
ancient  set  of  mind  in  reference  to  taking  wives  and 
leaving  property  to  children  and  being  advised  by  re¬ 
ligion.  It  must  contend  against  a  great  flood  of  con¬ 
victions  about  human  ^‘rights’’  to  life  and  happiness. 
I  am  not  intimating  that  these  deep  habits  of  thought 
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can  never  be  broken  up.  I  am  querying :  bow  hard  and 
long  must  be  the  struggle  against  them! 

3.  Can  Eugenics  Ever  Become  a  Science? 

The  reason  of  man  has  always  tended  to  an  easy, 
philosophizing  logic  when  he  prepares  for  reform. 
How  profoundly  must  this  habit  of  mind  be  altered, 
even  in  our  scientific  leaders,  before  there  can  be  any 
just  hope  in  a  program  of  eugenics  ?  This  query  is  not 
an  intimation  that  eugenists  are  wild  theorizers.  It 
may  safely  be  granted  that  most  of  them  are  temperate 
and  conservative.  I  will  cite  two  of  them  who  are  as 
cautious  and  unspeculative  as  any  chemist  amid  his 
test-tubes — Professor  S.  J.  Plolmes,  of  the  University 
of  California,  and  Major  Leonard  Darwin,  President 
of  the  Eugenics  Education  Society  of  England.  Nei¬ 
ther  of  these  men  would  be  ruffled  by  my  eight  queries ; 
each  of  them  would  put  the  same  queries  more  severely 
and  each  knows  of  eight  other  ways  to  prick  the  bub¬ 
bles  of  rash  generalizing.  They  preach  slowness  and 
care,  delay  for  more  accurate  knowledge,  avoidance  of 
antagonizing  public  opinion,  and  cautious  experi¬ 
mental  beginnings  with  such  obvious  regulations  as 
will  be  approved  by  the  common  conscience.  Yet  I  find 
each  man’s  work  pervaded  by  a  logic  which  puzzles  me. 
If  my  suspicion  is  at  all  justified,  if  such  stalwart  and 
practical  thinkers  are  indulging  in  mere  philosophy, 
we  must  wonder  whether  the  future  can  ever  breed 
eugenic  thought  that  is  scientific.  I  will  close  this 
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chapter  by  describing  the  Holmes-Darwin  logic.  I  will 
quote  their  own  words.  Typical  sentences  from  Major 
Darwin  are  as  follows  (from  Eugenic  Reform^  1926) : 

In  no  sense  of  the  word  can  eugenic  reform  be  said 
to  be  of  direct  and  immediate  importance  to  this  gen¬ 
eration  ;  because  the  sole  aim  of  such  reforms  is  to  im¬ 
prove  the  stock  or  breed  of  future  generations  (page 
32).  .  .  .  Reforms  which  aim  at  benefiting  posterity 
through  the  agency  of  natural  inheritance  can  not  at¬ 
tract  any  support  based  on  the  selfish  instincts  of 
mankind  (page  37).  .  .  .  Family  limitation  is  to  be 
unhesitatingly  condemned  when  practised  for  the  sake 
of  enabling  either  the  parents  themselves,  or  their  off¬ 
spring,  to  rise  in  the  social  scale.  .  .  .  Truly  patriotic 
parents  ought  to  be  prepared  to  descend  somewhat  in 
mere  social  status  for  the  sake  of  adding  their  full 
quota  of  able  and  healthy  recruits  to  the  ranks  of  their 
country  (page  408). 

Professor  Holmes  is  much  more  guarded  in  his 
preachments  about  duty.  He  frequently  warns  us  of 
the  sad  fact  that  ^^with  most  people  considerations  of 
the  interests  of  the  race  are  not  kept  habitually  in  mind 
— if  they  are  ever  present  at  all.”  He  even  cites  as  an 
example  of  false  reasoning  about  eugenics  the  ‘‘san¬ 
guine  hopes”  of  the  great  naturalist,  A.  R.  Wallace,  for 
“the  eugenic  potency  of  economic  reform.”  Holmes  is 
far  more  careful  and  skeptical  than  we  can  hope  most 
eugenists  will  be.  Yet  even  in  his  book,  pervading  it 
whenever  he  slips  away  from  statistics,  there  are 
phrases  which  constantly  imply  that  we  ought  to  have 
more  children  for  the  sake  of  posterity.  The  quotations 
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are  from  pages  174,  232,  235,  265,  356,  and  383  of  The 
Trend  of  the  Race,  1921.  The  last  one  is  significant  be¬ 
cause  it  is  the  peroration  of  the  book : 

To  put  family  interest  above  racial  welfare  is  as 
bad  in  effect  as  to  sacrifice  the  race  to  the  selfish  enjoy¬ 
ment  of  the  individual. . . .  Many  of  the  women  who  are 
nowadays  most  prone  to  sacrifice  motherhood  to  a 
‘‘career”  are  just  the  ones  upon  whom  the  obligation 
of  motherhood  should  rest  with  the  greatest  weight. 
Thus  far  the  growing  independence  of  women  has 
worked  to  deteriorate  the  race  in  the  interests  of  social 
advancement,  a  process  which  is  bound  to  be  disastrous 
in  the  long  run.  ...  It  is  not  so  much  economic  reform 
that  would  improve  marriage  selection  as  the  elevation 
of  the  ethical  standards  of  the  mass  of  the  people.  .  .  . 
It  is  the  very  best  inheritance  that  should  be  conserved 
at  all  costs.  Out  of  it  come  the  rare  minds  that  rise 
like  mountain  peaks  above  the  general  level  of  hu¬ 
manity.  ...  A  religion  that  emphasizes  the  injunction 
to  be  fruitful  and  multiply  may  do  much  to  counteract 
the  limitation  of  the  family  which  so  often  results  from 
egoistic  motives.  .  .  .  Education  is  eugenically  of  value 
as  making  possible  the  development  of  a  “eugenic  con¬ 
science”  which  is  now  sadly  lacking  in  most  people  of 
culture.  It  is  a  hopeful  sign  that  here  and  there  among 
people  who  have  inherited  a  generous  measure  of  de¬ 
sirable  traits  eugenic  considerations  have  led  to  the 
rearing  of  larger  families.  Those  who  have  been  most 
fortunate  in  the  possession  of  hereditary  gifts  should 
feel  that  upon  them  rests  an  unusual  obligation  to  see 
that  their  qualities  are  not  allowed  to  perish  from  the 
earth.  Will  the  race  ever  take  itself  in  hand  and  shape 
its  own  destiny? 

I  suppose  that  men  can  be  found  who  would,  as  a 
matter  of  duty  to  posterity,  support  six  children  rather 
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than  three.  I  suppose  that  there  are  women  who  would, 
purely  for  the  sake  of  posterity,  consent  to  bear  the 
extra  three  children.  Nor  will  I  deny  that  sometimes 
such  a  man  might  be  married  to  such  a  woman ;  and  I 
concede  that  some  of  these  altruistic  pairs  might  be 
ahle  to  carry  out  their  altruistic  purposes.  The 
Holmes-Darwin  logic  is  not  based  entirely  on  imagin¬ 
ary  persons. 

But  how  many  such  altruistic  persons  are  there  per 
thousand  of  the  population  of  England  and  America! 
Have  you  ever  seen  one!  He  is  so  far  from  my  ex¬ 
perience  of  mankind  that  I  can  not  even  imagine  him. 
Put  the  conditions  frankly  and  nakedly  before  your 
mind,  and  see  if  you  can  imagine  a  parent  who  fulfills 
them:  (1)  he  must  be  sure  that  his  descendants  will  be 
useful  to  posterity;  (2)  he  must  be  correct  in  this 
pleasing  estimate  of  what  his  children  will  inherit  from 
him ;  (3)  his  selfish  desire  must  be  not  to  have  children ; 
(4)  he  must  sacrifice  ease  and  comfort  for  the 
sake  of  posterity.  Pause  half  an  hour  upon  the  concep¬ 
tion — sacrificing  for  posterity.  I  am  powerless  to  vis¬ 
ualize  an  actual  case.  Though  my  life  has  been  mol¬ 
lycoddled  by  the  kindness  of  friends  and  relatives, 
though  I  have  daily  proof  of  the  capacity  of  parents 
for  self-sacrifice,  yet  all  the  unselfishness  that  ever  I 
saw  has  been  exercised  for  the  benefit  of  certain  indi¬ 
viduals  in  whom  the  unselfish  person  was  interested.  I 
can  not  fancy — no,  not  vaguely  and  for  a  moment — any 
self-sacrifice  for  an  abstraction  that  is  called  “poster- 
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ity.”  I  try  to  summoii  a  concrete  case  before  my  mind: 
a  man  and  wife  who  love  their  three  children  so  much 
that  they  do  not  want  more  children,  but  who  sacrifice 
some  of  the  prospects  of  themselves  and  the  loved  chil¬ 
dren,  not  for  the  sake  of  any  individuals,  but  for  the 
sake  of  that  indefinite  ocean  of  people  called  ^‘pos¬ 
terity.  ’  ’  I  try  in  vain.  I  can  not  visualize  any  man  and 
wife  actuated  by  such  a  motive. 

Suppose  that  some  families  really  have  been  reared 
because  of  that  motive.  What  proportion  of  such  fam¬ 
ilies  can  the  utmost  enthusiasm  hope  for?  Jot  down  a 
list  of  the  twenty  most  conscientious  and  altruistic 
married  couples  that  you  know;  put  to  them  bluntly 
this  question:  “Would  you  have  a  child  for  the  sake  of 
posterity?^’  If  you  receive  any  affirmative  answers, 
be  skeptical  enough  to  ask  yourself,  “Would  they 
really,  now?’’ 

I  am  so  much  an  admirer  of  the  Holmes  and  Dar¬ 
win  books  that  I  must  suppose  I  mistake  the  authors’ 
meaning.  There  must  be  a  sense  of  “posterity”  which 
I  fail  to  take  into  account.  Yet  I  have  again  and  again 
inquired  of  friends,  and  no  one  explains  my  error  or 
shows  me  how  the  Holmes-Darwin  idea  could  be 
realized. 

There  is  no  need  of  magnifying  this  particular 
quirk  in  the  literature  of  eugenics.  It  may  be  insignifi¬ 
cant  in  a  whole  program  that  is  otherwise  feasible.  But 
I  am  uneasy  whenever  I  ask  how  “sacrifice  for  pos¬ 
terity”'  crept  into  the  writings  of  two  such  scientists. 
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They  offer  no  proof  that  they  are  speaking  of  an  ob¬ 
jective  reality;  they  do  not  seem  aware  that  such  sac¬ 
rifice  will  appear  a  sheer  assumption  to  many  readers. 
They  do  not  seem  aware  that  many  readers  can  never 
follow  them  in  this  leap  from  the  hard  fact  of  prevail¬ 
ing  selfishness  to  a  marvelous  altruism  which  looks  like 
a  fleecy  cloud  of  fancy. 

I  should  be  willing  to  brush  this  misunderstanding 
aside  as  a  petty  issue  if  I  did  not  fear  that  it  is  an  in¬ 
dex  to  a  great  issue.  What  sort  of  motive  actuates  the 
mass  of  mankind  to  have  children?  I  will  even  limit 
my  question  to  the  educated  and  refined  and  conscien¬ 
tious  persons.  What  motive  will  lead  any  consider¬ 
able  portion  of  the  best  citizens  to  have,  or  to  refrain 
from  having,  children?  Surely  the  only  worth-while 
question  for  eugenics  must  concern  that  ‘‘considerable 
portion’’  of  people.  Major  Darwin  himself  urges 
cogently  the  importance  of  first  obtaining  “wide-spread 
public  approval.”  And  no  man  would  so  much  as 
mention  “sacrifice  for  posterity”  unless  his  mind  hab¬ 
itually  dwelt  upon,  and  had  faith  in,  some  sort  of 
altruistic  motive. 

Have  you  ever  observed  any  altruistic  motive  that 
was  of  general  power  in  affecting  the  basic  emotions  of 
men — such  as  pugnacity  and  sex  relations  ?  I,  for  my 
.part,  can  not  conceive  such  an  effect.  I  seem  to  observe 
that  no  reform  has  ever  secured  wide-spread  public 
approval  unless  it  concerns  the  self-interest  of  those 
whom  we  seek  to  persuade.  To  me  a  motive  for 
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eugenic  reform  would  seem  moonshine  unless  it  was 
selfish.  And  I  suppose  that  eugenics  can  appeal  to  one 
of  the  most  powerful  and  most  selfish  of  motives — the 
welfare  of  the  children  that  are  to  come  to  any  family. 
No  pride  that  we  can  feel  is  more  intense  than  pride  in 
our  children.  No  remorse  is  so  keen  as  the  humiliation 
of  begetting  inferior  children.  Eugenics  can  incite 
pride  and  predict  remorse.  Every  plan  that  would  re¬ 
sult  in  a  better  posterity  can  be  based  upon  the 
knowledge  of  joy  and  shame  in  actual  flesh-and-blood 
children  of  the  present — or  else  the  plan  is  tattered 
dream-stuff. 

If  eugenics  can  learn  what  feeble-mindedness  is  and 
the  extent  to  which  it  is  hereditary,  can  placard  the 
facts  before  the  world,  and  can  frighten  legislatures 
into  making  a  law,  then  our  generation  will  be  better 
off.  As  for  posterity — if  any  philosophers  are  excited 
about  that  abstraction — it  will  be  better.  So  you  may 
go  through  the  list  of  all  that  science  knows  or  is  try¬ 
ing  to  learn,  and  you  can  see  how  eugenics  may — 
guardedly  and  slowly — apply  knowledge  to  improve 
the  inheritance  of  the  coming  generation. 

So  far  as  eugenics  is  inspired  by  a  zeal  for  posterity 
or  by  emotional  theories  of  what  we  ought  to  do  for 
the  improvement  of  other  people,  so  far  it  is  a  mis¬ 
sionary  enterprise  and  will  be  engineered  by  preachers. 
It  is  just  a  hope.  If  it  can  stick  to  revealing  the  facts 
of  heredity  and  exhibiting  the  perils  of  disregarding 
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those  facts,  if  it  limits  itself  to  the  selfish  interests  of 
the  present,  it  can  be  a  scientific  enterprise. 

Appendix. 

A  List  of  the  Author’s  Prejudices  and  Assumptions. 

1.  I  am  a  hero-worshiper  of  Charles  Darwin. 

2.  I  suppose  Darwin’s  theory  of  natural  selection 
is  still  the  best  guess  that  science  can  make  as  to  a 
cause  of  evolution. 

3.  I  do  not  believe  that  acquired  characters  can  be 
inherited. 

4.  I  always  incline  to  minimize  the  importance  of 
the  environment. 

5.  I  do  not  believe  that  evolution  is  necessarily  a 
progress  to  what  is  higher  and  better,  or  that  ^^prog¬ 
ress’’  can  be  defined  by  science. 

6.  I  do  not  believe  that  evolution  is  a  general  prin¬ 
ciple  which  applies  outside  the  realm  of  plants  and  ani¬ 
mals — that  is,  I  think  it  can  not  be  applied  in  astronomy 
or  philosophy  or  social  organization. 

7.  I  fear  that  our  ability  to  reason  about  social  re¬ 
forms  is  slight  and  treacherous,  and  that  we  can  not 
predict  what  evil  may  result  from  the  best-intentioned 
effort  to  improve  heredity. 

8.  I  suppose  that  every  progress  of  eugenic  re¬ 
form  must  encounter  almost  insuperable  difficulties. 

9.  I  think  that  we  are  still  almost  entirely  ignorant 
of  {a)  the  nature  of  intelligence  and  of  {h)  what  con¬ 
stitutes  racial  superiority. 
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10.  In  short,  I  do  not  believe  that  biology  and  soci¬ 
ology  are  yet  able  to  give  us  much  guidance  toward  the 
improvement  of  human  heredity. 


IX 

MATTER  AND  SPIRIT 

The  Cells  That  Convey  Knowledge 

1.  The  Two  Kinds  of  Materialism 

We  have  been  brought  up  to  believe  that  matter^’ 
is  lifeless  stuff  of  a  lowly  and  despicable  sort,  and  that 
‘  ^  spirit  ’  ^  is  the  noble  element  in  nature  which  accounts 
for  all  that  is  worthy  and  beautiful  in  living  creatures. 
It  is  an  axiom  with  us  that  we  know  the  difference  be¬ 
tween  matter  and  spirit,  that  they  are  at  opposite  poles 
of  being.  We  shudder  at  a  man  who  thinks  the  uni¬ 
verse  is  merely  ‘‘materiaP’;  we  aspire  to  apprehend 
the  ‘^spirituaP’  values  in  life.  As  to  the  distinction  be¬ 
tween  matter  and  spirit,  we  have  no  more  doubt  than 
about  the  difference  between  black  and  white. 

To  argue  that  no  such  distinction  can  ever  be  made 
would  be  an  odious  undertaking — especially  in  a  book 
of  science.  I  have  no  intention  of  engaging  in  the  ar¬ 
gument.  But  I  feel  a  deep  interest  in  showing  that 
most  of  us  have  no  conception  of  the  distinction.  If 
we  prattle  about  matter,’^  assuming  that  we  can  de¬ 
fine  it  and  that  it  is  inferior  to  ‘‘spirit,’^  we  are  in  a 
blind  alley  where  the  best  teachings  of  science  and  phil¬ 
osophy  and  religion  will  never  be  revealed  to  us.  If 
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that  statement  sounds  extreme,  like  the  over-confidence 
of  materialistic  science,  put  aside  your  preconceptions 
and  listen  to  the  words  of  a  most  spiritually-minded 
philosopher,  John  Dewey,  in  his  Experience  and  Na¬ 
ture:  ‘^The  ^matter’  of  materialists  and  the  ‘spirit’ 
of  idealists  is  a  creature  similar  to  the  Constitution  of 
the  United  States  in  the  minds  of  unimaginative  per¬ 
sons.  But  the  vague  and  mysterious  properties  as¬ 
signed  to  mind  and  matter,  the  very  conceptions  of 
mind  and  matter  in  traditional  thought,  are  ghosts 
walking  underground.  ’  ’ 

Dewey  has  no  sympathy  with  ordinary  “material¬ 
ism”;  his  writings  are  all  infused  with  an  active  belief 
in  spiritual  values — in  the  life  of  service,  in  the  social 
mind,  in  soulful  emotions.  He  is  simply  referring  to 
“the  traditional  conceptions  of  unimaginative  per¬ 
sons  ’  ’  who  suppose  that  they  know  something  when  they 
know  nothing.  If  we  are  interested  in  examining  our 
misconceptions  of  the  world  in  which  we  live,  if  we  care 
to  stimulate  our  imaginations  to  more  truthful  opera¬ 
tion,  there  is  no  better  way  than  by  trying  to  under¬ 
stand  that  these  names  of  “matter”  and  “spirit” 
mean  nothing.  This  is  an  exercise  which  purifies  the 
mind  and  elevates  it  above  petty  bickering  about  unde¬ 
fined  terms. 

The  ghost-like  quality  of  the  conceptions  I  used  to 
have  about  spirit  and  non-spirit  was  once  brought 
home  to  me  forcibly  by  an  experience  with  a  little  pine 
tree-^ — an  experience  which  showed  me  that  I  know 
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nothing  about  ‘‘matter.”  This  chapter  is  going  to  con¬ 
sist  largely  of  the  history  of  that  affair,  with  comments 
upon  it.  Since  the  story  may  seem  to  have  a  bias  to¬ 
ward  “materialism,”  I  must,  before  I  tell  it,  explain 
the  two  meanings  of  the  word — the  silly  one  and  the 
sensible  one. 

Apparently  some  scientists  are  so  carried  away  by 
natural  laws  that  they  argue,  more  artlessly  than  a 
savage,  that  there  is  nothing  in  the  universe  except 
those  laws.  I  have  never  seen  any  such  reasoning,  but 
the  dictionary  asserts  that  it  exists.  If  I  ever  encoun¬ 
ter  it  I  shall  call  it  the  weakest  and  most  curious  logic 
since  brains  began  to  work.  To  argue  that  there  is 
nothing  behind  natural  laws  is  sillier  than  to  conjure 
up  a  magnified  man  who  operates  them.  No  sensible 
scientist  denies  that  an  infinity  of  spirit  may  exist  be¬ 
yond  his  laws.  He  denies  only  that  he  has  ever  found 
any  spirits  at  work  in  pine  trees.  He  denies  that  sci¬ 
ence  ever  encounters  two  opposite  sorts  of  substance 
or  force — “matter  and  spirit.”  All  that  science  pre¬ 
sumes  to  deal  with  is  a  set  of  phenomena  connected 
with  matter  and  produced  in  accordance  with  fixed  nat¬ 
ural  law.  If  there  are  phenomena  not  connected  with 
matter  and  not  produced  by  physical  forces,  they  are 
beyond  the  ken  of  science.  Science  is  powerless  to 
learn  anything  about  them,  and  humbly  acknowledges 
that  it  is  powerless.  But  it  warns  us  sternly  that  the 
whole  course  of  science  has  been  a  process  of  showing 
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supposed  ‘^spirituaP’  forces  to  be  only  manifestations 
of  natural  law. 

A  concrete  instance  of  how  science  has  dissipated 
the  assumed  ‘^spiritual’’  forces  can  be  seen  in  the  case 
of  thunder.  There  came  a  time  in  the  development  of 
the  race  when  one  of  the  keenest  intellects  set  itself  to 
examining  the  cause  of  the  roaring  in  the  sky.  ‘  ^  This 
noise/’  he  argued,  ^^can  not  be  merely  noise;  it  must 
be,  like  all  else  in  the  world,  born  of  something.  What 
is  its  parent?  The  parent  must  of  necessity  be  alive, 
for  nothing  is  born  of  lifeless  matter.  Therefore  the 
parent  is  a  very  large  person.  And  it  follows  that  this 
parent  is  angry,  since  the  human  mind  can  not  conceive 
that  pleasure  would  be  expressed  by  such  terrifying 
noises.  At  what  is  this  great  person’s  wrath  directed? 
Obviously  at  us  living  beings,  for  it  could  not  ration¬ 
ally  bellow  at  things.” 

This  philosophy  was  no  mere  savage  guess.  It  con¬ 
tinued  to  dominate  the  best  thought  of  the  human  mind 
till  1750  A.  D.  Benjamin  Franklin  was  preached 
against  because  he  was  ‘^materialistically”  meddling 
with  spiritual  forces — that  is,  with  the  purposes  of  a 
jealous  God  who  was  using  thunder  to  discipline  His 
children.  There  were  few  professors  in  American  col¬ 
leges  before  1800  who  dared  to  think  that  lightning 
was  material  and  that  lightning-rods  were  not  blasphe¬ 
mous.  Yet  in  the  twentieth  century  it  would  be  hard  to 
find  any  fundamentalist  who  conceives  that  thunder  is 
spiritual;  the  most  devoutly  conservative  minds  how 
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take  it  for  granted  that  the  noises  and  flashes  of  a 
storm  are  as  purely  materialistic  as  the  boiling  of 
water  when  heat  is  applied.  Thunder  is  caused  by 
forces  that  act  in  undeviating  conformity  with  natural 
law. 

In  a  thousand  similar  ways — in  matters  like  disease 
and  war  and  childbirth  and  drought — science  has 
taught  us  that  unaccountable  spirits  were  a  wrong 
guess,  because  all  that  we  observe  with  our  senses  can 
be  accounted  for  as  the  result  of  fixed  physical  laws. 
Hence  a  scientist,  looking  back  over  the  past  century  of 
an  ever-widening  field  of  natural  law,  is  prone  to  as¬ 
sume  that  all  manifestations  of  spirit  will  ultimately 
be  reduced  to  matter.  He  may  be  excused  for  thinking 
so.  But  if  he  is  true  to  the  canons  of  his  profession,  he 
will  on  no  account  think  so.  He  will  admit  the  possi¬ 
bilities  that  are  so  vividly  described  by  Robert  A.  Milli¬ 
kan,  the  famous  physicist:  ‘^Spirit,  personality,  and 
all  those  abstract  conceptions  which  go  with  it — ^like 
love,  duty,  and  beauty — exist  for  you  and  for  me  just 
as  much  as  do  iron,  wood,  and  water.  They  are  in 
every  way  as  real  for  us  as  are  the  physical  things 
which  we  handle.  No  man,  therefore,  can  picture  na¬ 
ture  as  devoid  of  these  attributes  which  are  a  part  of 
your  experience  and  mine,  and  which  you  and  I  know 
are  in  nature.” 

Suppose  that  in  the  audience  to  which  Professor 
Millikan  addressed  those  words  there  had  been  a  psy¬ 
chologist.  What  would  he  have  felt  about  ‘‘person- 


214 


EXPLORING  THE  UNIVERSE 


ality”?  He  probably  would  have  been  somewhat  un¬ 
easy.  ‘‘Yes,  yes,’’  we  can  imagine  him  saying,  “I 
won’t  deny  the  existence  of  spirit  and  personality,  but 
how  do  you  draw  the  line  f  In  our  laboratories  we  are 
learning  increasingly  how  personality  depends  on  the 
physical  make-up  of  nerve-cells.”  And  an  anthropolo¬ 
gist  in  the  audience  might  have  commented  similarly: 
^‘Duty?  Yes.  But  where  do  you  draw  the  line?  To 
what  extent  is  a  French  or  a  Hottentot  sense  of  duty 
dependent  on  mere  lessons  taught  by  society — that  is, 
on  mere  sense  impressions  recorded  in  material  brain- 
cells  ?  ’  ’ 

Where  is  the  line  between  matter  and  spirit  ?  It  is 
just  where  Millikan  draws  it :  “  Science,  in  bringing  to 
light  the  fact  that  this  is  not  a  world  in  which  things 
happen  by  caprice,  but  a  world  governed  throughout 
hy  law,  has  presented  the  most  powerful  motive  to  man 
for  goodness  which  has  ever  been  urged  upon  him.  ’  ’ 

Science  limits  itself  to  that  part  of  the  world  in 
which  things  happen  hy  invariable  natural  law.  Sci¬ 
ence  is,  and  must  forever  be,  materialistic.  Professor 
Millikan,  in  his  laboratory  work,  never  finds  any  spir¬ 
itual  power  interfering  with  the  atoms ;  he  is  a  “mate¬ 
rialist”  in  the  sensible  meaning  of  the  word.  If,  now, 
he  never  lifted  his  eyes  oft  his  apparatus,  if  he  denied 
that  there  was  anything  in  the  universe  beyond  the 
laws  of  physics,  he  would  be  a  materialist  in  the  silly 
meaning  of  the  word — the  common  meaning  which,  he 
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says,  ‘4s  an  altogether  absurd  and  an  utterly  irrational 
philosophy.” 

We  all  apply  this  distinction  in  every-day  life  when 
we  deal  with  things  like  a  pine  tree.  In  general  we  are 
scientific,  as  materialistic  as  Millikan  with  his  spectro¬ 
scope.  We  believe  that  a  pine  cone  was  produced  by 
invariable,  mechanical  law;  that  one  of  its  seeds  pro¬ 
duces  a  young  tree  by  a  materialistic  process ;  that  it 
grows  or  dies  without  any  capricious  interference  from 
a  spiritual  power.  Every  botanist  who  studies  pine 
trees  is  a  sheer  materialist — so  far  as  his  botany  goes. 
If  ever,  in  reasoning  about  life,  he  comes  to  a  point 
where  he  must  assume  an  immaterial  power,  he  passes 
beyond  science. 

Now  for  the  story  of  a  very  material  pine  tree  and 
the  spirit  in  it. 

2.  The  Matter  in  My  Pine  Tree 

My  cabin  on  the  Maine  coast  was  built  at  the  edge 
of  an  open  field,  and  I  planted  little  trees  about  it  to 
relieve  the  bareness  of  the  place.  A  certain  pine  had 
made  a  growth  of  thirty  inches  the  previous  season,  so 
that  it  was  a  special  pride  and  source  of  hope.  One 
day  I  noticed  that  its  vigorous  green  whip — its 
“leader,”  as  the  forestry  people  call  it — was  drooping. 
Harsh  fate  was  upon  me ;  an  evil  menace  to  all  my  trees 
was  leering  at  me. 

What  to  do?  The  answer  of  the  very  best  intel¬ 
lects  for  a  thousand  centuries  has  been,  “Pray.”  Man- 
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kind  has  known  of  a  surety  that  a  Very  Large  Spirit 
shows  his  anger  in  diseases.  All  the  best  minds  of 
America  a  century  ago  knew  that  malaria  was  a  visita¬ 
tion  of  God  and  that  to  discuss  it  as  a  purely  physical 
matter  was  crass  materialism.  No  doubt  ninety-nine 
per  cent,  of  the  human  race  still  believe  so  and  would 
refer  my  tree  calamity  to  divine  anger.  I  should  have 
had  strong  leanings  that  way  myself  if  the  life  of  the 
pine  had  meant  my  whole  fortune. 

If  I  had  asked  an  old-time  philosopher  what  to  do, 
he  might  have  answered  in  terms  of  the  general  meta¬ 
physics  of  witheringness,  the  general  principle  that  all 
which  is  tends  toward  decline  and  droopitude.  Phil¬ 
osophy,  to  be  sure,  is  not  unwilling  to  have  lower  types 
of  mind  investigate  bark  and  leaves  for  the  physical 
phenomena,  but  it  considers  that  such  day  labor  is  mere 
materialism.  I  am  not  using  sarcasm,  but  am  putting 
concretely  what  the  philosophers  claim.  Philosophy,’^ 
says  Simmel,  ‘‘was  the  mother  of  all  sciences.  Its  es¬ 
sence  is  its  self-sufficiency.  Every  exact  science  has  to 
submit  to  an  investigation,  by  philosophy,  of  its  pre¬ 
suppositions.”  His  claim  is  taught  to  college  boys  to¬ 
day;  one  of  them,  now  in  the  dry-goods  business,  has 
pitied  me  as  a  poor  materialist  because  I  called  the 
claim  absurd.  When  it  is  applied  to  modern  thought 
it  must  mean  that  the  particular  science  of  forestry 
was  mothered  by  philosophy  and  must  submit  its  as¬ 
sumptions  to  philosophy  if  it  wishes  to  diagnose  my 
sick  pine  tree. 
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No  living  forester  can  understand  this  or  can  find 
an  atom  of  evidence  that  forestry,  or  any  other  science, 
ever  had  the  faintest  remote  connection  with  phil¬ 
osophy. 

My  own  poor  mind,  confronted  with  the  problem  of 
saving  trees,  relied  on  reason.  It  knew  no  better  than 
to  deduce  a  cause  for  wilting,  and  after  some  cogitation 
it  decided  that  the  pine  had  exceeded  its  strength  and 
was  lanky,  like  a  fast-growing  boy.  So  I  helped  it  out 
by  lashing  it  to  a  stout  stick  till  it  could  gain  stitfness. 

But  my  philosophy  went  wrong.  The  leader  grew 
daily  more  limp  and  brown.  It  died.  I  cut  it  off  and 
held  it  sorrowfully  in  my  hand,  pondering  on  the  in¬ 
scrutable  malevolence  of  fate. 

Then  came  the  sort  of  accident  which  has  always 
helped  scientists.  I  happened  to  cut  the  leader  in  two. 
Why  such  an  impulse  came  I  have  no  idea ;  I  only  know 
that  it  was  not  a  reasoned  act.  It  was  an  accident. 

What  I  happened  to  reveal  was  a  burrow  that  some 
animal  had  been  making  under  the  bark.  I  followed 
this  up  and  came  upon  a  white  grub  that  was  busy  eat¬ 
ing.  Dissection  showed  five  other  grubs  equally  busy. 
They  had  eaten  all  the  nourishment  that  the  tree  had 
conveyed  toward  the  top  for  a  season’s  growth. 

An  ardent  spiritist  might  have  assumed  that  the 
grub  was  merely  the  instrument  of  vengeance,  and 
philosophy  might  have  claimed  the  methodology  which 
reveals  grubs.  But  I  was  too  engrossed  with  science 
to  heed  them.  I  was  busy  putting  together  memories 
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of  previous  experiences  with  worm-shaped  creatures 
that  hungered  for  some  of  my  property.  I  recalled 
how  buffalo  bugs  eat  and  eat  at  household  belongings, 
how  cutworms  become  moths  and  breed  many  other 
cutworms,  how  borers  eat  and  breed,  eat  and  breed  till 
they  consume  great  timbers.  I  wondered  what  these 
nasty  things  in  my  pine  would  breed;  I  inferred  that 
they  would  be  like  everything  else  in  the  animal  king¬ 
dom,  capable  of  reproducing  themselves  in  vast  num¬ 
bers  where  food  is  plentiful.  I  thought  it  possible  that 
in  another  season  the  descendants  would  swarm  over 
my  acre  of  young  pines  and  destroy  them  all. 

In  my  fright  I  relied  entirely  upon  science.  I  wrote 
an  inquiry  to  a  band  of  scientists  at  Orono.  One  of 
them  told  me  that  my  enemy  was  Piss  odes  strohi,  the 
white  pine  weevil,  cousin  of  the  cotton-boll  weevil,  a 
member  of  the  most  voracious  family  of  animals  that 
ever  learned  to  live  by  adjusting  themselves  to  an  en¬ 
vironment.  He  sent  me  a  pamphlet  which  told  the  life 
history  of  the  grub. 

It  hatched  in  May  from  an  egg  which  was  under  the 
bark  at  the  top  of  last  year’s  leader,  and  in  its  first 
hour  of  infancy  followed  an  instinct  to  set  its  micro¬ 
scopical  jaws  into  the  soft  tissue  where  it  found  itself 
embedded.  Little  Strobi  did  no  reasoning.  If  she  had 
been  philosophical,  she  would  have  eaten  her  way  up¬ 
ward  to  gaze  out  on  immensity — and  a  frost  would 
have  freed,  her  soul  from  a  life  of  hardship.  She  did 
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what  she  was  born  to  do,  with  no  more  reasoned  pur¬ 
pose  than  a  root  has  when  it  pushes  toward  moisture. 

A  scientist  can  only  wonder  and  enjoy  what  his  eyes 
reveal  as  he  watches  Strobi  at  work.  If  he  applied  a 
microscope,  he  would  discover  that  she  is  composed  of 
hundreds  of  thousands  of  cells,  each  of  which  is  an  or¬ 
gan  of  a  complexity  that  is  utterly  beyond  his  obser¬ 
vation  and  infinitely  more  to  be  revered  than  all  the 
fancy-castles  of  all  mentality.  Every  body-cell  in 
Strobi  is  so  far  beyond  our  ken  that  imagination  can 
nowise  guess  at  even  the  most  material  part  of  its 
structure.  Much  less  can  we  get  any  inkling  of  how 
the  myriad  of  cells  are  coordinated  into  one  being. 
Somehow  they  are  organized  to  be  served  by  an  in¬ 
stinct  which  compels  jaws  to  chew  at  the  inner  bark  of 
a  helpless  tree  that  is  dear  to  me.  Strobi ’s  appetite  is 
entirely  opposed  to  the  moral  law;  it  is  in  a  wicked 
competition  with  me,  destroying  life  and  beauty,  vio¬ 
lating  the  social  compact.  If  I  could  have  my  way,  I 
should  instruct  her  in  cooperation  and  •unselfishness. 
But  a  scientist  merely  tries  to  see  what  he  can  learn 
from  her  about  cooperation  and  unselfishness. 

5.  The  Spirit  in  My  Pine  Tree 

He  will  follow  her  down  the  stem,  as  she  continues 
her  course  during  June  and  July,  till  she  has  eaten  out 
a  tunnel  ten  inches  long.  On  the  morning  of  July 
twenty-first  her  appetite  fails  and  a  lethargy  is  upon 
her.  For  the  first  time  in  her  life  she  lies  quiet  and  has 


220 


EXPLORING  THE  UNIVERSE 


desires  of  a  new  sort:  slie  wants  to  go  to  sleep;  she 
yearns  to  have  space  abont  her;  she  wants  a  bed  of 
chips.  It  must  be  a  warm  place,  snug  but  not  too  snug, 
resinous,  and  lined  with  delicate,  mealy  chips. 

Strobi  prepares  a  place  that  fulfills  these  desires 
and  composes  herself  for  sleep.  All  memory  of  the 
grubby  life  goes  from  her ;  in  dreamless  peace  she  en¬ 
ters  a  new  life.  She  becomes  a  new  creature,  as  dif¬ 
ferent  from  her  former  self  as  a  grub  is  from  an  egg. 
On  her  back  she  can  feel  wings  sprouting,  more  delicate 
and  marvelous  in  texture  than  human  painters  have 
put  on  angels.  Over  these  gossamer  sails  are  growing 
hinged  covers,  strong  as  armor  and  lighter  than  egg 
shell.  On  her  sides,  which  have  always  been  ribbed  in 
soft  folds  and  have  had  no  limbs,  six  legs  are  growing. 
The  prosaic  jaws  are  disappearing  and  sloughing  off ; 
a  shapely,  slender  snout  is  extending  from  her  head,  at 
the  end  of  which  will  be  other  jaws  that  are  more  re¬ 
fined  and  becoming.  Glorious  eyes  are  being  placed  in 
her  head,  faceted  like  a  diamond,  fitted  to  show  her  a 
universe  of  green  and  gold  and  blue.  A  beautiful  plate, 
most  deftly  shaped  and  colored,  adorns  her  shoulders ; 
ornamental  markings  of  luster  and  refinement  appear 
from  day  to  day ;  antennsD  of  more  than  maidenly  sensi¬ 
tiveness  are  being  formed  for  her  delight,  to  reveal  a 
world  of  odors  which  human  beings  shall  never  know 
in  their  nostrils.  A  book  would  be  required  to  tell  about 
all  the  detailed  niceties  of  this  new  body,  from  the  ex- 
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quisite  prongs  of  her  feet  to  the  exquisite  scissors  at 
the  end  of  her  nose. 

Strobi  moves  slightly  now  and  then,  but  for  the 
most  part  she  remains  quite  still,  happy  in  the  splen¬ 
dors  that  are  coming  upon  her  without  any  effort  of 
hers.  All  good  things  and  graces  come  to  her  here 
without  strife;  whereas  in  her  former  life  she  could 
never  remit  struggle  for  an  hour. 

Of  course  Strobi  is  concerned  with  the  outward 
changes,  which  are  so  entrancing  that  I  don’t  blame 
her.  But  my  own  mind  is  more  excited  by  her  internal 
transformation.  Not  a  particle  of  the  former  organism 
remains  the  same.  The  mechanisms  for  breathing  and 
feeling,  for  digesting  food,  for  interpreting  sensations 
— in  short,  for  every  function  of  life — are  completely 
new.  At  the  end  of  two  weeks  Strobi  is  as  unlike  her 
former  self  as  a  gull  is  unlike  a  starfish.  When  she  first 
moves  her  legs  and  cuts  through  her  prison  walls  with 
quivering  jaws,  she  is  animated  by  a  whole  new  set  of 
instincts ;  she  must  be  free,  must  soar  in  the  ocean  of 
air,  must  speed  to  distant  ambrosial  places  that  allure 
her,  must  creep  to  novel  perils  and  confront  all  manner 
of  strange  fears  and  enticements.  She  has  no  more 
knowledge  of  the  grub  life  than  I  have  of  the  place 
whence  I  once  came  trailing  clouds  of  glory  into  the 
light  of  common  day. 

I  suppose  it  would  be  reasonable  to  say  that  these 
new  powers  and  instincts  of  the  adult  weevil  are  spir¬ 
itual,  Also  it  might  be  reasonable  to  say  that  Strobi, 
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both  past  and  present,  is  a  mere  aggregation  of  atoms 
— that  is,  of  matter.  But  if  spiritism  orated  about 
these  two  lives,  of  grub  and  weevil,  it  would  be  dull  and 
commonplace.  I  do  not  care  for  either  sort  of  phil¬ 
osophy.  I  wish  to  be  free  from  either  kind  of  mental 
trumpery,  so  that  I  may  feel  only  wonder  and  rev¬ 
erence. 

I  can  follow  Lady  Weevil  for  two  months  of  idle 
pleasure.  She  roams  and  explores,  learning  a  lore  of 
which  we  can  know  nothing,  maturing  her  new  powers, 
actively  delighting  in  her  boundless  freedom.  In  Sep¬ 
tember  she  seeks  out  a  sheltered  nook,  shapes  it  to  her 
desires,  rolls  herself  in  it,  and  lapses  into  seven  months 
of  hibernation. 

The  first  warm  day  in  April  rouses  her.  She 
stretches,  then  awaits  a  second  and  a  third  warm  day. 
Eeason  can  not  tell  her  to  do  this,  for  she  has  never  had 
any  experience  of  such  life ;  she  has  no  memories  with¬ 
in  her ;  no  instruction  guides  her.  Shall  we  say  that  a 
wise  spirit  has  been  born  in  her?  If  so,  is  the  spirit 
implanted  in  every  weevil  by  some  outside  force,  or  is 
it  the  child  of  a  spirit  that  was  in  the  grub  ?  Any  an¬ 
swer  that  a  spiritist  can  give  is  his  own  private  guess ; 
he  can  not  find  any  evidence  to  confute  a  different  guess 
by  another  spiritist. 

And  what  can  a  materialist  say!  If  he  is  an  out- 
and-outer,  he  must  assert  that  a  collection  of  atoms 
produces  an  instinct  and  a  set  of  subtle  passions.  The 
atoms  must  have  wisdom  and  foreknowledge.  When 
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I  confront  such  a  dilemma,  I  am  glad  not  to  have  a 
philosophical  creed  to  uphold.  I  like  to  wonder. 

When  this  prescient  assemblage  of  electrons  de¬ 
cides  that  the  season  is  far  enough  advanced,  it  causes 
Strobi  to  poke  her  antennas  forward,  to  take  stock  of  the 
state  of  the  weather,  and  carefully  crawl  out  into  a 
chilly  world  where  patches  of  snow  still  linger  and 
many  hard  frosts  are  still  to  come.  And  now  there  is 
stirring  in  her  the  longing  for  a  mate.  He  comes 
promptly,  enticed  to  a  gusty  pilgrimage  by  an  ineffable 
lure  that  he  knows  nothing  about. 

Mrs.  Strobi,  like  every  other  mother  since  time  be¬ 
gan,  is  now  mastered  by  an  impulse  toward  the  future. 
She  is  driven  to  seek  some  place  which  she  has  never 
seen,  never  conceived  of.  She  can  not  picture  it  or  ex¬ 
plain  in  the  least  what  she  searches  for,  but  search  she 
must.  Every  cell  in  her  body  drives  her  to  something 
—to  an  airy  swing,  high  up,  but  not  at  a  towering 
height,  to  a  kind  of  nest  that  is  all  open,  to  some  sort  of 
basket  formed  of  spines. 

To  Mr.  Strobi  this  is  all  lunacy.  His  mind  is  logi¬ 
cal  and  turns  to  a  search  for  food.  Not  finding  any  in 
a  season  of  snow  squalls,  he  logically  lies  down  and 
dies. 

Mrs.  Strobi  goes  questing  for  the  airy,  waving  place 
that  obsesses  her  whole  being.  There  it  may  be,  yon¬ 
der,  ten  feet  above  her.  She  spreads  her  wings,  flies, 
alights,  feels  partially  satisfied,  begins  to  gnaw  under 
a  spicy  tip  of  new  spruce  growth,  then  halts,  walks 
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round  the  stem  uneasily.  No,  it  won’t  do.  It  smells 
wrong ;  it  is  not  the  right  kind  of  place.  How  can  she 
judge  of  that  which  she  has  never  smelled  before,  about 
which  she  has  never  taken  any  lesson!  Nobody  will 
ever  know  the  answer,  because  it  could  be  given  only 
by  some  wisdom  that  is  high  above  the  wit  of  man.  A 
mind  in  a  human  skull  assumes  that  it  knows  what  mat¬ 
ter  is ;  it  begins  all  its  reasoning  with  the  axiom  that 
matter  is  an  inert  something.  So  it  immediately  jumps 
away  from  matter  and  begins  a  rigmarole  of  logic 
about  that  which  is  not  matter — that  is,  about  a  fancy 
of  its  own. 

Mrs.  Strobi  flies  away  from  a  balsam  fir  and  hunts 
farther.  She  keeps  to  open  fields,  where  there  is  going 
to  be  sunlight  during  the  summer,  avoiding  this  tree- 
top  because  it  is  too  old  and  high,  and  that  one  because 
it  is  too  thin  and  low. 

For  several  days  she  has  to  fumble  and  blunder, 
since  nature  has  made  her  imperfect,  made  her  only 
skilful  enough  to  provide  for  children  by  following  an 
instinct.  One  sunny  morning  her  goal  is  found;  a  bushy 
little  white  pine  which  stands  four  feet  high  and  shows 
by  its  last  year’s  leader  that  it  is  vigorous  and  will 
pump  much  rich  sap  under  its  bark  this  summer.  With 
trembling  joy  Mrs.  Strobi  treads  over  its  tip,  feeling 
its  budding  life  and  smelling  its  promise  for  weevil  in¬ 
fants.  In  a  glad  fury  she  walks  down  it  and  just  un¬ 
derneath  it  digs  into  the  bark  with  her  sharp  mandi¬ 
bles.  Before  the  resin  can  collect  she  deposits  an  egg 
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in  the  incision  and  tamps  it  well  down  against  the  slip¬ 
pery  wood. 

If  she  lives  for  some  weeks  longer,  life  means  noth¬ 
ing  to  her.  She  is  empty  of  all  desire.  In  calm  peace 
she  idles  about  for  a  time,  and  then  whatever  soul  she 
has  goes  to  whatever  heaven  is  provided  for  those 
grubs  who  have  fought  the  good  fight  against  pine 
trees. 

4.  Is  the  Egg  Matter  or  Spirit? 

My  own  curiosity  is  much  more  excited  about  her 
destiny  than  about  the  acts  of  her  bodily  life ;  but  since 
I  can  get  no  information  of  her  spirit,  I  must  be  con¬ 
tent  with  the  egg  she  has  left  behind  in  this  material 
world.  There  is  sufficient  wonder  in  it  to  content  the 
profoundest  philosopher  if  he  could  understand  it  all. 

Have  you  ever  asked  yourself  what  is  in  an  egg  I 
Probably  not.  I  can  say  for  myself  that  I  had  dili¬ 
gently  pondered  about  spiritual  values  for  forty  years 
before  I  thought  of  the  content  of  the  cell  in  which 
every  animal  begins  its  life.  An  egg  is  such  a  small 
thing,  so  purely  materialistic,  so  very  commonplace, 
that  we  regard  it  as  a  squashy  bit  of  matter  and  let  it 
go  at  that.  Thus  we  prove  once  more  that  we  are 
brothers  to  the  savage,  heedful  of  nothing  that  is  usual, 
struck  by  anything  that  has  a  strange  glint. 

Rouse  all  the  powers  of  your  mind  and  attend  to  the 
speck  of  protoplasm  which  has  been  deposited  at  the 
top  of  a  small  tree.  Can  it  produce  a  blade  of  grass, 
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or  a  gnat,  or  a  minnow?  We  know  with  the  most  com¬ 
plete  assurance  that  a  new  Strobi  is  to  grow  from  it. 
This  new  creature  will  not  be  built  on  any  original 
pattern,  but  on  precisely  the  pattern  of  its  mother.  At 
first  it  will  be  just  the  same  microscopic  grub  with 
which  this  story  began ;  it  will  infallibly  become  longer 
by  feeding  in  a  certain  preordained  way;  it  is  abso¬ 
lutely  destined  to  work  downward  in  just  such  a  course 
as  its  mother  took ;  we  have  complete  faith  that  after  a 
given  period  it  will  follow  the  same  instinct  to  stop 
eating  and  make  the  same  kind  of  nest  for  pupating; 
its  transformation  will  not  be  into  a  ladybird  beetle  or 
into  a  bean  weevil,  but  into  exactly  the  sort  of  pine 
w^eevil  that  any  entomologist  can  classify  as  being  in¬ 
dubitably  of  this  species;  it  will  have  precisely  such 
and  such  sutures  on  its  tibias  and  identical  gray 
bands  on  elytra  of  the  unvarying  brown  shade.  The 
whole  of  the  future  animal  can  be  predicted  as  accu¬ 
rately  as  the  second  print  from  a  negative.  Shall  we 
guess  that  some  spirit  presides  over  this  development, 
to  make  sure  in  the  case  of  every  one  of  the  million 
eggs  in  Maine  next  spring  that  the  specific  pattern  is 
properly  followed?  There  is  good  precedent  for  such 
a  surmise ;  indeed  almost  the  whole  human  race  has  al¬ 
ways  made  that  sort  of  explanation  for  itself.  Or  shall 
we  be  scientists  and  say,  as  we  say  of  a  photographer ’s 
results,  that  some  mechanism  in  the  egg  insures  the 
reproduction  of  every  one  of  the  countless  refinements 
of  an  infinitely  complicated  structure  ? 
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Do  not  make  haste  to  answer  yes,  for  then  you  will 
have  to  assent  to  other  proposals  that  will  confound  all 
your  notions  of  matter  and  spirit.  At  present  you  are 
thinking  of  the  egg  as  a  sort  of  blue-print  room  in 
which  there  are  specifications  for  all  the  countless  de¬ 
tails  of  bodily  make-up ;  you  can  even  imagine  specifi¬ 
cations  for  the  two  lives  of  grub  and  weevil,  with  the 
metamorphosis  in  the  pupa  stage.  It  is  beyond  under¬ 
standing,  but  still  can  be  conceived  in  a  way,  since  it  is 
bodily,  material. 

What  of  the  emotions  in  the  brain  of  a  grub!  What 
of  the  instincts  that  instruct  it  to  make  a  pupating 
chamber,  to  seek  unknown  foods  as  soon  as  it  is  an 
utterly  new  sort  of  animal  in  utterly  new  surroundings, 
to  hibernate,  to  summon  a  mate,  to  seek  out  certain  pe¬ 
culiar  places  having  certain  odors,  to  incise  bark  at  a 
certain  spot,  to  stow  an  egg  in  a  certain  way!  A  weevil 
can  not  have  knowledge  of  all  these  operations,  but 
merely  obeys  impulses  that  come  from  somewhere 
within  itself.  The  impulses  are  not  random;  they  are 
precisely  ordained  and  provide  for  results  of  which  a 
weevil  has  no  conception.  Are  there  spirits  that  guide 
weevils?  Or  must  we  judge,  considering  how  the  im¬ 
pulses  come  with  perfect  regularity  to  all  weevils  alike, 
that  instincts  too  are  matters  of  mechanism?  If  we 
judge  so,  we  believe  that  ‘‘mere  matter”  contains  im¬ 
material  feelings.  We  are  compelled  to  believe  that 
the  mere  matter  of  an  egg  contains  equivalents  for  de¬ 
sires  and  passions,  for  wise  responses  to  a  bewildering 
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environment — in  short,  for  all  the  purposes  of  an  intri¬ 
cate  psychological  life. 

And  here  we  reach  a  boundary  line  where  the  or¬ 
dinary  human  intellect  wants  to  take  up  controversial 
weapons  and  start  a  fight.  Our  reason  fairly  itches  to 
demolish  the  materialists  or  to  smite  the  spiritists  hip 
and  thigh.  Let  us  repress  this  lust  for  battle  and  amuse 
ourselves  by  looking  at  the  two  sides  of  the  issue. 

A  convenient  approach  is  to  trace  the  course  of  one 
of  Mrs.  Strobi’s  emotions — say  her  frenzy  for  depos¬ 
iting  eggs.  She  stands  on  the  tip  of  a  small  fir  tree, 
smelling  and  treading  for  an  uneasy  minute,  deciding 
that  this  is  the  wrong  place.  Here  is  real  knowledge, 
very  subtle  and  sure  knowledge,  about  a  feeding-place 
for  future  children.  Yet  the  knowledge  does  not  come 
from  any  experience  of  trees  or  children.  Probably  no 
reader  will  deny  that  the  knowledge  of  egg-laying  was 
inherited,  by  purely  physical  and  invariable  natural 
law,  from  her  grub  state.  At  any  rate,  there  is  nothing 
capricious  about  the  instinct ;  it  acts  precisely  the  same 
way  in  every  normal  Strobi. 

How  did  the  grub  acquire  this  knowledge,  which 
lay  dormant  so  many  weeks?  We  can  hardly  conceive 
that  any  spiritistic  power  implanted  the  instinct 
capriciously.  All  the  evidence  seems  to  be  that  the 
grub  obtained  the  instinct  in  a  materialistic  way.  And 
we  can  hardly  imagine  any  way  except  by  inheritance 
from  the  egg  from  which  it  was  born — at  least,  no 
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entomologist  ever  has  encountered  a  spiritual  inter¬ 
ference  at  this  stage  of  life. 

Hence,  every  zoologist  supposes,  the  passion  for 
correct  egg-laying  existed,  somehow  or  other,  in  the 
egg.  Nor  can  he  conceive  that  any  immaterial  force 
creates  and  plants  the  instinct  in  each  egg  by  any 
capricious  process.  Apparently  every  normal  egg  is, 
by  undeviating  natural  law,  uniformly  supplied  with 
an  instinct  for  egg-laying.  The  zoologist  is  forced  to 
believe  that  within  the  material  egg  there  is  the  ances¬ 
tor  of  an  immaterial,  mother-like  emotion. 

Could  it  be  argued  that  every  egg  is  inhabited  by 
some  supernatural  intelligence  which  creates  anew  this 
knowledge  of  egg-laying?  If  that  be  the  case,  then  all 
the  uncounted  millions  of  intelligences,  through  untold 
millenniums  of  time,  have  acted  in  precisely  the  same 
way.  They  have  always  produced  identical  results 
with  mechanical  precision.  Our  senses  can  not  distin¬ 
guish  them  from  a  completely  materialistic  process. 

The  zoologist,  therefore,  has  to  reason  thus:  ‘‘No 
observation  of  science  can  detect  anything  in  egg  or 
grub  or  adult  weevil  except  the  operation  of  uniform 
natural  law.  So  far  as  science  can  see  the  mere  ‘mat¬ 
ter’  of  an  egg  contains  the  ‘spirit’  of  motherhood. 
Within  the  realm  of  science  we  perceive  nothing  but 
materialism.  But  if  you  ask  me  how  atoms  are  thus 
freighted  with  emotion,  or  what  power  contrived  the 
collocation  of  atoms,  I  have  no  reply.  To  say  that 
atoms  arranged  themselves  is  meaningless ;  to  say  that 
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a  spirit  arranged  them  is  to  go  beyond  the  evidence. 
Science  knows  nothing  about  the  nature  of  atoms — • 
much  less  about  spirit.’’ 

That  answer  is  one  against  which  we  instinctively 
rebel.  We  yearn  to  arrive  at  some  form  of  explana¬ 
tion;  we  long  to  have  one  side  of  the  controversy  vic¬ 
torious  ;  we  hunger  for  an  authoritative  decision  about 
the  ultimate  truth.  But  our  ignorance  of  the  powers 
of  ‘‘matter”  is  complete. 

To  most  people  the  confession  of  ignorance  is  dis¬ 
tressing.  Their  faith  that  they  know  the  difference  be¬ 
tween  matter  and  spirit  is  pleasant  and  reassuring — 
like  the  faith  that  they  know  where  “up”  and  “down” 
are  in  the  universe.  To  face  the  idea  that  we  can  not 
make  a  distinction  between  matter  and  spirit  is  a  bold 
adventure,  too  hazardous  for  some  to  risk. 

Yet  it  is  wholesome  and  brings  peace  to  minds  that 
become  acquainted  with  it.  To  pin  our  faith  to  either 
side  of  the  logic  is  to  be  superstitious. 

Many  scientists,  who  see  the  futility  of  wrangling 
and  are  disgusted  with  unreasonable  war-cries,  take 
pleasure  in  announcing  that  they  are  materialists. 
Who  shall  blame  them!  They  are  only  asserting  that 
they  want  to  reverence  nature  as  it  is. 

5.  Is  My  Mind  Matter  or  Spirit? 

What’s  in  a  grub?  For  me  there  is  wonderment  to 
supply  a  lifetime  of  cogitation.  When  I  think  of  the 
grub  in  a  pine  treCj  I  wonder  in  what  ways  my  heaven- 
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aspiring  mind  resembles  that  cluster  of  instincts.  I 
can  imagine  how  the  grub  may  feel  all  its  life  that  it  is 
controlling  itself  and  making  decisions  and  exercising 
will-power  and  learning  to  think  straight.  But  I  can 
see  that  all  the  while  it  is  being  led  by  a  heritage  of 
emotions  which  direct  it  to  destined  ends  and  leave  its 
mind  almost  nothing  to  do.  I  wonder  to  what  extent  I 
and  my  mind  are  like  the  grub  and  its  mind.  As  an 
illustration:  sometimes  I  review  an  argument  I  have 
had,  in  which  I  supposed  I  was  using  cold  reason  and 
reaching  objective  truth;  years  later  I  can  look  back 
and  detect  that  there  was  no  reason  in  me,  for  I  was 
simply  defending  emotions.  As  another  illustration: 
I  read  some  modern  philosophy — say  of  Santayana — 
and  I  learn  this  about  so  profoundly  logical  a  rea- 
soner  as  Kant:  ‘‘His  postulates  and  categories  were 
mere  tenets  of  protestantism,  fossils  embedded  in  the 
old  man’s  mind.”  So  I  wonder  about  the  intellect  of 
which  we  are  so  proud  and  from  which  we  expect  so 
much.  Does  it  amount  to  anything!  Sometimes  I  sus¬ 
pect  it  is  just  a  kind  of  appendage  to  our  inheritance  of 
instincts,  perhaps  no  more  than  a  pretty  iridescence  on 
the  surface  of  the  body  of  molecules  which  carry  the 
real  personality. 

Of  course  I  have  no  such  theory ;  I  am  only  wonder¬ 
ing.  I  have  found  that  my  brain  works  better  and  is 
much  more  cheerful  since  it  recognized  its  utter  ignor¬ 
ance  of  what  “matter”  is.  I  no  longer  feel  animosity 
toward  materialists  or  spiritists.  Behind  the  shallow 
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unreasonableness  of  such  bickering  looms  the  infinite 
mystery,  instructing  my  tumultuous  mind  to  be  at  rest 
and  to  cultivate  charity. 

Is  your  mind  ill-at-ease  when  it  confronts  the  pos¬ 
sibility  that  it  is  nothing  but  a  congregation  of  mole¬ 
cules?  If  so,  it  is  behaving  foolishly  and  needs  disci¬ 
pline.  It  is  afraid  of  a  word,  afraid  of  the  horrid 
word  ‘‘matter.’’  Even  after  it  has  subscribed  to  the 
logic  of  this  chapter,  has  agreed  that  there  is  no  pos- 
siblity  of  knowing  what  matter  is,  still  it  may  revert, 
unconsciously,  to  the  fear  of  the  materialism  of  mole¬ 
cules.  The  mind  does  not  want  to  be  a  bunch  of  mole¬ 
cules.  It  feels  degraded  by  such  an  admission.  This 
dread  is  nothing  but  the  hallucination  of  a  soul  which 
has  always  been  enslaved  to  a  word,  to  a  supposed 
meaning  of  “matter.”  An  enfranchised  mind  does  not 
cower  before  the  illusion.  It  smiles  at  the  slavish  fear 
of  being  degraded  by  an  empty  name.  The  mind  is 
what  it  is — not  less  petty  when  it  is  dubbed  spiritual, 
not  less  noble  when  it  is  called  material.  No  wisdom 
of  philosophy  or  theology  can  prove  that  atoms  are 
base  stuff.  If  the  mind  is  noble,  it  will  elevate  to  its 
own  height  any  name  for  the  stuff  of  which  it  is  com¬ 
posed.  If  it  trembles  at  a  name,  it  is  a  base  mind.  If 
it  can  be  cheerfully  indifferent  to  a  name,  it  has  the 
virtue  suggested  by  the  word  “spiritual.” 


PART  THREE 

THE  EXPLORATIONS  OF  TO-MORROW 
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X 

THE  EADIO  JINN 
^Applied  Science  May  Not  Be  Progress 

This  is  a  story,  not  an  explanation  of  ether  waves 
and  apparatus.  It  is  the  story  of  an  American  Jinn 
who  is  far  more  powerful  than  any  of  the  heaven-dark¬ 
ening  creatures  who  rose  from  magic  lamps  in  the 
Arabian  Nights,  It  is  all  literal  truth,  not  distorted  by 
fancy  or  fright.  In  this  record  of  how  the  American 
mind  evoked  and  worshiped  an  electrical  spirit  there 
is  an  illustration  of  how  we  regard  many  other  tri¬ 
umphs  of  applied  science. 

1,  The  Grandfather  of  the  Jinn 

The  Jinn’s  ancestry  is  of  limitless  antiquity,  reach¬ 
ing  back  to  the  first  inquiring  intellect  that  wondered 
about  the  property  which  amber  has  when  it  is  rubbed — 
the  power  of  drawing  light  particles  to  it.  The  first 
man  to  record  his  speculations  on  this  subject  was 
Thales,  who  in  the  sixth  century  B.  C.  reverently 
argued  that  amber,  which  was  called  electron  in  Greek, 
must  have  a  soul.  Modern  physicists  do  not  accept  his 
theory.  But  when  I  consider  the  doings  of  the  Eadio 
Jinn  I  am  inclined  to  believe  that  Thales  was  right. 
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This  mysterious  electric  soul  that  could  be  irritated 
into  action  by  friction  was  pondered  by  the  philosoph¬ 
ers  of  every  succeeding  century.  The  first  to  treat  it 
non-religiously,  in  a  scientific  spirit,  was  William  Gil¬ 
bert.  The  title  of  his  great  book  of  1600,  Be  Magnete, 
contained  another  Greek  name  for  a  substance  that 
possessed  permanently  the  same  soulful  quality  as 
amber,  the  lodestone  from  the  peninsula  of  Magnesia. 

In  1745  the  electric  soul  was  conjured  into  more  vio¬ 
lent  action  by  a  German  who  found  how  to  discharge 
it  from  a  Leyden  jar.  The  scientific  world  grew  all 
agog  about  this  device,  toying  with  it  as  recklessly  as  if 
Jinns  had  never  been  summomed  by  friction.  Benja¬ 
min  Franklin  combined  the  force  of  several  jars  in  a 
series  and  thus  electrified  a  circle  of  friends. 

The  electric  spirit,  it  was  found,  traveled  in  a  cur¬ 
rent  through  insulated  wires.  Hence  an  ingenious 
Scotchman  suggested,  only  one  year  after  Franklin 
flew  his  kite,  that  signals  could  be  conveyed  to  a  dis¬ 
tance  by  making  and  breaking  a  current  according  to 
a  code.  But  the  efforts  to  carry  out  his  idea  remained 

playthings  for  the  parlor  and  laboratory  until  1819, 

•  • 

when  Orsted  discovered  that  an  electric  current  flow¬ 
ing  around  a  piece  of  iron  converts  the  iron  to  a  mag¬ 
netic  needle.  This  was  the  beginning  of  all  electrical 
communication. 

For  fifteen  years  the  inventors  of  Christendom 
struggled  to  find  a  way  of  conveying  messages  by  mak¬ 
ing  and  breaking  circuits,  which  would  instantaneously 
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create  and  unmafee  magnets,  whicli  would  attract  and 
release  armatures.  Morse’s  first  demonstration,  over 
a  quarter  of  a  mile  of  wire,  was  made  in  1837,  but  he 
fought  against  all  manner  of  discouragements  for 
seven  years  more  before  he  could  send  his  reverent  ex¬ 
clamation,  ^^What  hath  God  wrought!” 

Morse,  like  all  the  rest  of  us  ever  since  the  grand¬ 
father  of  the  Radio  Jinn  was  born,  saw  divinity  in  his 
success.  We  have  always  ascribed  glory  and  uplift  to 
the  progress  we  make  in  setting  electricity  to  work. 
We  have  never  considered  the  possibility  that  devils 
might  be  gendering,  creating  instruments  for  the  fraiU 
ties  of  human  nature  to  use. 

2,  The  Mother  of  the  Jinn 

The  daughter  of  the  telegraph  was  the  telephone, 
which  came  into  being  on  the  tenth  of  March,  1876,  in 
a  Boston  attic,  when  Bell  spoke  seven  words  into  an 
apparatus:  ‘‘Mr.  Watson,  come  here.  I  want  you.” 
These  words  were  conveyed  on  a  wire  to  an  adjoining 
room  and  were  heard  out  of  another  apparatus  by  Wat¬ 
son.  The  telephone  was  quickly  developed  for  practi¬ 
cal  purposes.  Ten  years  later  one  hundred  and  fifty 
thousand  subscribers  were  employing  it  in  their  busi¬ 
ness.  It  grew  into  the  most  colossal,  most  refined,  most 
amenable  of  all  the  slaves  that  science  has  compelled 
into  servitude.  To-day  in  sixteen  million  American 
offices  and  homes  it  is  an  obedient  drudge. 

I  have  promised  to  avoid  describing  apparatus ;  but 
I  must  emphasize  the  marvel  of  the  telephone,  lest  you 
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glide  over  it  as  a  commonplace,  and  so  fail  to  realize 
what  the  Jinn  inherited  from  his  mother.  Would  that 
I  could  here  magnify  the  parts  of  a  transmitter  and 
show  in  a  slow-motion  picture  what  goes  on  beyond  the 
mouthpiece  when  I  say  to  an  operator  Wabash  4371.’^ 
I  start  a  train  of  motions  so  intricate  and  so  subtly 
modulated  that  no  mind  can  conceive  them.  First  my 
voice  throws  into  commotion  the  air  that  is  in  front  of 
my  lips.  The  pitches  of  the  sounds  may  vary  by  sev¬ 
eral  hundred  vibrations  per  second ;  with  each  of  these 
fundamental  tones  there  are  harmonic  overtones;  no 
two  sounds  have  the  same  intensity;  the  qualities  of  all 
the  sounds  are  formed  by  most  complex  contributions 
from  the  most  varied  sorts  of  apparatus — larynx, 
teeth,  tongue,  roof  of  mouth,  and  lips.  My  breath 
rushes,  i^  stopped,  explodes,  is  trilled  between  lips  or 
between  tongue  and  teeth,  and  is  vibrated  by  tense 
cheeks.  All  these  operations  and  the  gliding  transi¬ 
tions  from  one  to  another  of  them  are  impressed,  to 
the  slightest  detail,  on  the  air  in  the  mouthpiece.  Every 
modulation  is  passed  to  a  thin  plate  of  metal,  the  dia¬ 
phragm,  which  vibrates  precisely  in  accord  with  every 
element  of  the  storm  of  sounds.  When  the  diaphragm 
is  bent  away  from  me  by  air  waves,  it  presses  a  tight- 
fitting  cover  into  a  cup  that  contains  powdered  carbon. 
The  carbon  is  in,  and  forms  a  section  of,  the  conductor 
through  which  a  current  is  flowing  in  the  transmitter. 
In  proportion  as  the  carbon  particles  are  crowded  more 
closely  together  by  a  vibration,  they  form  a  better  com 
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ductor,  and  more  current  passes.  This  increase  of  cur¬ 
rent  produces  a  corresponding  increase  of  the  current 
which  flows  through  the  operator’s  receiver;  it  makes 
the  diaphragm  in  her  ear-phones  vibrate  correspond¬ 
ingly  ;  it  produces  at  her  ear  just  the  sort  of  sound  that 
left  my  lips. 

This  would  be^  easy  to  understand  for  a  single  im¬ 
pulse  of  sound  or  for  a  series  of  simple  sounds  that 
varied  only  in  loudness.  But  how  a  single  current  in 
a  wire  can  adapt  itself  to  all  the  variations  of  quickly 
changing  overtones  of  pitch — that  is  blank  mystery  to 
me.  When  I  try  to  go  further  and  imagine  how  the 
current  conforms  to  the  maze  of  complications  in  or¬ 
chestral  music,  I  am  utterly  lost.  I  can  only  bow  to 
the  fact. 

I  bow  to  man’s  wit  which  persevered  until  it  found 
out  how  to  gear  such  electrical  power  into  its  ma¬ 
chinery  of  civilization.  Man  has  been  clever.  He  has 
wrought  a  marvel.  And  no  one  but  a  pessimist  could 
doubt  that  the  telephone  was  a  good  creature  destined 
to  have  good  children. 

3.  The  Father  of  the  Jinn 

On  his  father’s  side  the  Jinn  has  a  mystic  and  po¬ 
etical  genealogy.  Maxwell’s  mathematics  begat  Hertz’s 
waves,  and  these  begat  Lodge’s  early  patents  in  wire¬ 
less  telegraphy.  From  such  an  eery  ancestry  came  the 
commercially  practicable  work  of  Marconi.  In  1896, 
near  the  mysterious  ruins  of  Stonehenge,  this  Italian 
wizard  sent  a  Morse  code  message  two  miles  through 
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the  air.  Radio  had  come  out  of  the  everywhere  into 
the  here. 

All  round  the  world  the  human  race  congratulated 
itself  and  shouted  for  joy,  never  guessing  that  any¬ 
thing  untoward  might  happen  if  this  new  hero  of  sci¬ 
ence  should  wed  the  gentle  telephone.  The  wonder  of 
the  achievement  of  setting  the  ether  to  work  was 
enough  to  enrapture  any  sensitive  mind.  For  though 
the  feat  may  not  have  been,  essentially,  more  remark¬ 
able  than  the  enslaving  of  air  vibrations  in  a  telephone, 
it  seemed  more  romantic  because  it  was  performed  in 
an  impalpable  medium. 

Yet  we  had  long  been  familiar  with  this  hypotheti¬ 
cal  ‘  ^  ether and  with  the  vibrations  in  it.  We  had 
known  that  rapid  pulsations  of  ether  produce  on  our 
eyes  the  effect  of  light  if  they  come  with  a  frequency  of 
more  than  four  hundred  trillion  per  second — that  is, 
with  a  wave  length  of  less  than  a  millionth  of  a  meter. 
If  the  wave  length  is  somewhat  greater  than  this,  we 
feel  the  vibrations  as  heat.  If  the  length  is  vastly 
greater — say  a  hundredth  of  a  meter — it  makes  no  im¬ 
pression  on  our  senses ;  we  can  recognize  it  only  by  its 
effects  on  certain  apparatus ;  and  we  call  these  vibra- 
tions  Hertzian  waves.  Marconi  telegraphed  with 
Hertzian  waves  thirty  meters  in  length.  These  can  be 
measured  and  utilized  with  perfect  assurance,  but  what 
they  are  the  physicist  does  not  know.  He  finds  it  con¬ 
venient  in  his  calculations  to  speak  of  them  as  waves 
in  a  substance  of  quite  incredible  properties  called 
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ether,  and  every  owner  of  a  radio  set  knows  about 
broadcasting  on  waves  that  are  several  hundred  meters 
long;  he  knows  that  radio  messages  can  be  sent  by 
waves  seven  miles  long.  But  the  electrician  does  not 
know  anything  whatever  of  the  nature  of  ether  or  its 
waves.  He  simply  deals  with  certain  vibrations  which, 
all  alike,  travel  with  the  speed  of  light,  which  we  call 
X-rays  if  they  are  sufficiently  short,  colors  if  they  are 
longer,  heat  if  they  are  still  longer,  and  radio  if  they 
are  very  much  longer  still. 

Marconi  set  this  latest  manifestation  of  the  electric 
spirit  to  the  labor  of  recording  the  dots  and  dashes  of 
the  Morse  code  on  a  distant  instrument.  By  1901  he 
had  used  wireless  telegraphy  for  a  distance  of  two  hun¬ 
dred  miles ;  in  1902  he  spanned  the  Atlantic.  The  father 
of  the  Radio  Jinn  had  grown  to  lusty  manhood. 

How  well  I  remember  the  first  time  I  heard  him.  A 

radio  fan,  a  boy  of  sixteen,  took  me  to  his  shop  in  an 

attic,  put  ear-phones  on  my  head,  and  let  me  hear  the 

faint  sputters  of  sound  that  came  through  space  from 

Arlington  to  give  us  the  exact  time.  This  w^as  in  1914. 

Radio  then  meant  telegraphy.  The  thousands  of  fans 

were  telegraphers  who  got  their  nightly  excitement  by 
% 

listening  to  long  and  short  signals  which  came  from 
other  fans  or  from  steamers  or  official  stations.  They 
were  enthusiasts,  thrilled  by  picking  up  dots  of  sound 
that  came  from  the  other  side  of  the  world.  Radio  was 
the  new  slave  of  man^s  genius,  as  mystic  as  Mercury 
and  as  serviceable  as  a  postman. 
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4.  The  Birth  and  Captivity  of  the  Jinn 

Just  as  the  invention  of  the  wire  telegraph  sug¬ 
gested  that  a  wire  telephone  would  be  feasible,  so  the 
radio  telegraph  of  Marconi  set  men  to  pondering  on 
radio  telephony.  All  that  was  needed  was  a  device 
which  should  carry  through  the  ether  the  variations  in 
current  that  were  so  delicately  conveyed  by  a  wire. 
There  was  every  indication  that  ether  was  quite  as  re¬ 
liable  a  conveyor  as  copper.  So  it  proved.  As  early 
as  1906  Reginald  Aubrey  Fessenden  brought  about  the 
marriage  of  the  air  to  the  ether  at  Plymouth,  Massa¬ 
chusetts,  telephoning  a  message  ten  miles  by  radio ;  the 
next  year  he  increased  the  range  to  five  hundred  miles ; 
in  1908  he  transmitted  speech  across  the  Atlantic.  The 
Radio  Jinn  had  been  born. 

He  was  a  weak  infant,  quite  unfitted  to  succeed  in  a 
commercial  world.  He  was  a  pet  of  the  laboratories,  a 
dear  little  fellow  to  play  with,  but  quite  unknown  to  the 
public.  Only  a  few  technical  experts  paid  attention  to 
him.  He  lacked  the  sensitiveness  to  pick  up  faint 
waves,  and  he  could  work  only  clumsily  with  the  dia¬ 
phragm  of  the  ordinary  telephone. 

Beginning  in  1911,  Pridham  and  Jensen  devoted 
themselves  for  four  years  to  inventing  a  better  dia¬ 
phragm.  Instead  of  the  magnet  toward  which  and 
away  from  which  the  old  telephone  diaphragm  had 
been  made  to  vibrate,  these  men  constructed  a  flat  coil 
of  fine  wire  that  was  fixed  to  the  diaphragm  and  that 
responded  to  the  influence  of  two  strong  electro-mag- 
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nets  between  which  it  was  suspended.  This  reproduced 
speech  much  more  accurately  than  the  old  type  and — 
behold ! — it  was  capable  of  such  strong  vibrations  that, 
as  the  inventors  learned  to  their  astonishment,  it  could 
magnify  the  impulses  delivered  to  it  and  thus  amplify 
the  sound  through  a  megaphone  attachment.  This  was 
ready  for  the  market  in  1915. 

In  that  same  year  Lee  de  Forest  perfected  his 
^^audion,”  by  which  the  sensitiveness  of  a  telephone 
receiver  could  be  so  easily  and  accurately  increased 
that  sounds  were  conveyed  clearly  from  New  York  to 
San  Francisco.  It  was  so  ingenious  and  important  a 
device  for  radio  development  that  the  staidest  electri¬ 
cal  expert  is  unable  to  restrain  his  emotions  when  he 
thinks  of  it.  Radio  authors  break  into  song  when  they 
mention  it.  It  is  so  infinitely  sensitive  and  magnifies 
sound  so  accurately  that  plain  words  can  not  be  applied 
to  it :  the  inventor  becomes  a  Merlin  and  his  apparatus 
necromantic.  ‘  ^  In  the  entire  range  of  applied  science,  ’  ^ 
exclaims  one,  ^ ‘there  is  perhaps  no  other  mechanism 
that  surpasses  this  in  capacity  ^or  weirdly  mystifying 
activities.  ^  ^ 

So  precise  are  all  the  details  in  its  magnified  results 
that  they  can  be  conveyed  to  another  audion  and  again 
amplified,  and  this  second  enlargement  can  be  ampli¬ 
fied,  and  so  on.  Such  increase  in  a  geometrical  ratio 
soon  reaches  an  inconceivable  amount.  By  using  a 
series  of  thirty  audions  it  has  been  possible  to  restore 
to  full  volume  the  remnant  of  a  current  that  has  passed 
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through  a  thousand  miles  of  cable.  That  remark  is 
unimpressive  until  we  know  that  the  remnant  of  cur¬ 
rent  is  a  fraction  of  its  original  force  which  is  written 
The  denominator  of  that  fraction  is  so  absurdly 
huge  that  no  astronomer  could  use  it.  It  is  far  greater 
than  the  number  of  inches  across  the  trillions  of  light 
years  of  the  known  universe.  Yet  that  infinitesimal 
wisp  of  nothingness  of  a  current  can  be  stepped  up  to 
its  original  force  and  sharpness  of  detail  by  a  row  of 
audions.  No  wonder  that  the  manufacturers  call  them 
‘‘magic  lamps/’  for  they  contain  a  greater  power  than 
Aladdin  released.  It  is  the  Radio  Jinn. 

In  1915  the  Radio  Jinn  v^as  obedient  and  amiable. 
Through  the  years  of  the  war  he  was  drafted  away 
from  the  amateurs,  grew  sturdy,  and  did  his  bit  as  a 
soldier.  In  1919  he  responded  to  every  summons  made 
by  the  knights  of  DX.  Through  ten  months  of  1920  he 
remained  the  completely  humble  and  alert  servant  of 
all  the  growing  army  of  “bugs”  who  built  receiving 
sets.  He  had  to  remain  so.  He  was  shut  fast  in  the 
audion,  the  “triode,”  that  thousands  of  amateurs  con¬ 
jured  with  at  night. 

5.  The  Liberation  of  the  Jinn 

Any  one  interested  in  social  forces  will  have  a 
creepy  feeling  if  he  looks  carefully  through  files  of  per¬ 
iodicals  from  November  of  1920  to  May  of  1921.  The 
weekly  journals  of  intellectual  interests  contain  no  in¬ 
timation  that  a  social  demon  had  been  unchained  in  the 
United  States  during  those  months.  The  weeklies  de- 
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voted  to  news  and  comment  on  affairs  knew  nothing 
about  the  release  of  an  electrical  monster  in  our  body 
politic.  The  Scientific  American  (then  a  weekly)  was 
quite  unaware  that  anything  of  importance  had  been 
liberated  from  the  Aladdin  triode  of  the  radio  tele¬ 
phones.  On  November  6,  1920,  it  printed  an  interest¬ 
ing  news  item  from  British  Columbia  about  wireless 
telephones  for  foresters ;  but  there  was  not  a  word  for 
six  months  thereafter  about  any  wireless  doings  in 
Pennsylvania.  Not  one  editor  in  this  country  suspected 
that  anything  in  particular  had  happened  in  the  neigh¬ 
borhood  of  Pittsburgh. 

Through  those  fateful  six  months  the  radio  tele¬ 
phone  was,  even  for  the  scientific  periodicals,  a  dull 
technical  matter,  something  that  the  Bureau  of  Stand¬ 
ards  was  studying.  It  was  the  cause  of  hopeful  proph¬ 
ecies,  however,  like  this  one  by  General  Squier:  ‘‘The 
day  is  not  far  distant  when  any  individual  anywhere  on 
earth  will  be  able  to  communicate  directly  by  the 
spoken  word  with  any  other  individual,  wherever  he 
may  be.’^  Doctor  A.  N.  Goldsmith,  a  practical  and 
highly  successful  radio  engineer,  declared  to  an  inter¬ 
viewer:  “It  will  not  be  long  before  we  will  be  able  to 
talk  wirelessly  from  our  homes  to  any  part  of  the  coun¬ 
try,  This  is  a  development  which  is  sure  to  come/^ 
Since  the  wire  telephone  had  always  been  an  instru¬ 
ment  for  personal  communication,  these  men  assumed 
that  of  course  the  wireless  telephone  would  be  the 
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same.  Nobody  noticed  wbat  it  actually  had  become  at 
Pittsburgh. 

So  late  as  May  21,  1921,  the  Scientific  American 
gave  its  readers  no  slightest  reference  to  the  ominous 
development  that  was  already  six  months  old.  On  that 
date  it  told  how  schools  of  fish  could  be  detected  by  the 
telephone,  but  said  nothing  of  how  human  customers 
could  be  detected  by  the  same  mechanism.  Then  on 
May  twenty-eighth  there  was  a  single  paragraph  which 
casually  described  a  new  amusement — hearing  music 
by  radio.  The  Jinn  peered  out  of  the  triode. 

Jinns  always  come  that  way.  Some  literal-minded 
person,  performing  a  perfectly  normal  act,  just  hap¬ 
pens  to  make  use  of  the  spell — and  there,  towering  up¬ 
ward  with  gigantic  thews,  is  the  genius  of  the  jar.  No¬ 
body  is  to  blame.  Perhaps  no  harm  has  been  done,  for 
the  spirit  may  be  a  friendly  one.  But  he  is  a  startling 
apparition. 

The  Radio  Jinn  was  true  to  form.  He  had  been  bot¬ 
tled  up  by  a  stern  fact  which  no  fan  liked  to  acknowl¬ 
edge:  There  isn’t  much  to  hear.  The  most  seductive 
advertisement  for  the  sale  of  receiving  apparatus  had 
always  been  ^‘You  can  hear  a  lot.’’  But  the  advertise¬ 
ment  had  contained  very  little  truth.  Obviously  any 
manufacturer  would  double  his  sales  if  he  could  assure 
purchasers  that  there  would  be  something  in  the  air  for 
them.  So  it  was  perfectly  obvious  business  for  the 
Westinghouse  Company  of  East  Pittsburgh  to  offer 
their  patrons  something  to  hear.  In  November  of  1920 
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the  company  began,  quite  normally  and  innocently,  to 
send  out  radio  music  which  could  be  listened  to  by  the 
purchasers  of  receiving  sets.  The  magic  formula  had 
been  used. 

The  result  was  an  immediate  increase  of  sales.  The 
Jinn  leaped  from  his  prison  in  the  triode.  The  manu¬ 
facturers  perceived  that  he  would  grow  tall.  They  were 
not  terrified.  They  were  very  glad  to  see  him. 

6.  The  Jinn  Grows  Heaven  High 

The  Jinn,  I  have  said,  was  invisible  at  the  time  of 
his  escape  in  November,  1920.  But  the  manufacturers 
soon  became  aware  of  him.  They  sold  fifty  thousand 
receiving  sets  in  six  months.  The  Scientific  American 
caught  a  glimpse  of  him  on  May  28,  1921:  ‘Mt  is  be¬ 
lieved  that  manufacturers  of  radio  equipment  will  see 
fit  to  maintain  concert  and  lecture  service  for  their  pa¬ 
trons.^’  On  June  fourth  it  sang  a  hymn  of  progress 
and  optimism:  ^‘When  broadcasting  has  reached  a 
higher  stage  of  development  the  benefits  will  be  enor¬ 
mous.  In  a  few  years  we  will  wonder  that  we  were  ever 
able  to  exist  without  its  many  benefits.’^ 

The  owners  of  receiving  sets  flooded  the  factories 
with  requests  for  advance  programs  of  the  ethereal 
service.  In  July  three  hundred  thousand  listeners  were 
ethereally  informed  from  the  ringside  of  the  doings  of 
Messrs.  Dempsey  and  Carpentier.  Thereupon  Prog¬ 
ress  was  proclaimed  with  loud  shouts  of  Optimism.  In 
September  the  Government  had  to  begin  licensing  the 
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broadcasters,  and  so  for  three  months  there  was  flurry 
and  setback  in  the  growth  of  the  Jinn.  But  the  clamor 
of  the  listeners-in  prevailed.  In  December,  twenty- 
three  stations  were  licensed;  in  January,  1922,  eight 
more  were  licensed ;  in  February,  twenty-four  more.  A 
writer  in  a  March  trade  journal  entitled  his  thoughts 
‘  ‘  How  to  Sell  Ten  Million  Radio  Outfits.  ’’  That  month 
there  were  seventy-seven  new  licenses.  The  Jinn  soared 
aloft.  Before  the  middle  of  April  there  were  one  hun¬ 
dred  and  sixty-seven  broadcasting  stations:  fourteen 
colleges  and  universities ;  eleven  newspapers,  four  de¬ 
partment  stores,  a  poultry  farm,  a  Y.  M.  C.  A.,  a  Bible 
Institute,  the  Ford  Motor  Company — and  so  forth. 
Three-fourths  of  the  stations  were  in  the  hands  of  job¬ 
bers  and  retailers.  A  very  democratic,  harmless  hodge¬ 
podge  it  was.  Only  seven  stations  were  managed  by 
big  corporations :  four  by  the  Westinghouse  Company, 
one  each  by  the  De  Forest  Company,  the  General  Elec¬ 
tric  Company,  and  the  Radio  Corporation  of  America. 
What  were  they  among  so  many? 

In  this  month  of  April,  1922,  seventy-six  more  sta¬ 
tions  were  authorized ;  in  May,  ninety-seven.  The  June 
number  of  Radio  News  announced  in  a  funereal  edi¬ 
torial  :  ^  ^  Our  old-timers  will  have  to  take  a  back  seat ; 
nine  hundred  and  ninety-nine  out  of  one  thousand  to-day 
want  broadcast  stuff.  There  is  no  use  trying  to  stem 
the  tide.”  In  July,  seventy-six  more  stations  were  cre¬ 
ated  ;  in  August,  fifty.  The  Jinn  spread  himself  till  the 
sky  was  gorgeous  with  his  presence.  He  was  praised 
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from  pulpits  and  reverenced  beside  lonely  trout- 
streams  when  the  evening  bacon  had  been  fried.  Great 
and  glorious  was  the  name  of  Radio. 

The  number  of  receiving  sets  passed  the  half¬ 
million  mark,  and  still  the  avalanche  of  orders  poured 
upon  the  factories.  ‘^Let  us  listen,’’  cried  America; 
‘Hake  our  tens  of  millions  of  dollars  and  don’t  be  so 
finicky  with  your  manufacturing  processes ;  we  want  to 
hear  the  Jinn.”  All  the  earth  shook  with  the  praise  of 
him ;  all  the  air  was  resonant  with  the  frantic  music  of 
him.  He  blotted  out  the  humdrum  sky  and  filled  high 
heaven  with  his  splendor. 

7,  The  Smile  on  the  Face  of  the  Jinn 

In  the  autumn  of  1922,  Radio  began  to  smile  at  his 
worshipers.  How  could  he  help  it!  He  looked  upon 
a  most  comical  sight,  upon  efforts  to  regulate  him. 
There  has  been  nothing  funnier  in  the  history  of  social 
organization  than  these  attempts  to  make  a  jinn  be¬ 
have. 

The  agitation  was  all  produced  by  the  fact  that  the 
opportunity  for  transmitting  ether  waves  was  limited. 
It  is  still  limited.  All  the  available  space  for  telegraph¬ 
ing  and  telephoning  is,  at  the  utmost,  a  gamut  of  wave 
lengths  from  one  meter  to  twenty  thousand  meters; 
practically  its  limit  in  the  United  States  is  still  below 
six  thousand  meters.  Furthermore,  all  broadcasting 
in  the  United  States  has  to  be  limited  to  the  band  be¬ 
tween  two  hundred  and  five  hundred  and  fifty;  and 
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within  this  hand  there  are  only  eighty-nine  channels 
wide  enough  to  prevent  interference.  Only  by  assign¬ 
ing  identical  channels  to  several  stations  that  are  far 
apart  can  the  Department  of  Commerce  give  the  priv¬ 
ileges  of  the  air  to  the  five  hundred  and  thirty-six  sta¬ 
tions  now  chartered.  Of  course  many  more  companies 
and  institutions  want  charters — four  hundred  and 
twenty-eight  of  them  at  last  accounts.  Consider  one 
example  in  this  list :  the  Chicago  Federation  of  Labor 
‘^has  been  astounded  to  learn  that  it  is  excluded  from 
the  air  and  charges  that  certain  interests  are  attempt¬ 
ing  to  gain  a  monopoly  of  the  air.  ’  ^  Yet  the  Department 
of  Commerce  is  probably  dealing  as  strictly  as  it  knows 
how  with  these  interests. 

Broadcasters  do  not  ask  for  mercy.  They  keep 
quietly  at  their  business  of  furnishing  entertainment 
for  listeners.  They  know  that  listeners  will  insist  on 
full  and  free  broadcasting.  Three  years  ago  the  chorus 
of  complaint  from  listeners  compelled  the  Department 
of  Commerce  to  release  broadcasters  of  entertainment 
from  the  one  wave  length  of  three  hundred  and  sixtv 
meters  where  they  had  been  confined;  there  was  too 
much  interfernce  with  the  listeners^  pleasure;  so 
broadcasters  were  spread  out  over  the  whole  band  they 
now  occupy. 

The  host  of  ardent  listeners  had  another  complaint : 
that  there  were  too  many  broadcasters.  If  ten  sta¬ 
tions  are  within  one  range,  they  interfere  with  one 
another.  So  the  listeners  wished  to  have  the  number  of 
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broadcasters  decreased.  This  desire  harmonized  exactly 
with  the  Jinn’s  purpose.  It  made  him  smile. 

During  the  last  three  years  he  has  smiled  more  and 
more.  Every  month  he  has  grown  merrier.  More  than 
five  million  altars  convey  his  worship  every  night — 
yes,  every  day ;  for  we  do  our  morning  daily  dozen  to 
radio,  have  luncheon  talks  from  radio,  listen  to  dinner 
music  from  radio,  and  sit  all  evening  to  hear  concerts 
and  drama  and  tabloid  lectures  by  radio,  and  then  out- 
watch  the  Bear  with  radio,  radio,  radio. 

In  an  age  when  clear  thinking”  is  proclaimed  as 
the  great  need  of  democracy  we  listen  and  listen  to 
what  comes  by  radio.  When  ‘‘constructive  intelli¬ 
gence”  is  demanded  for  our  welfare  we  listen  and 
listen  to  whatever  is  poured  into  our  superheterodynes. 
Always  we  sit  passively — uncounted  millions  of  us  sit 
at  all  hours — and  passively  listen.  No  wonder  the  Jinn 
smiles. 

You  might  suppose  that  he  would  be  made  uneasy 
by  the  persistent  repetition  of  the  following  truth: 
“The  large  interests  naturally  wish  to  have  the  ether 
to  themselves,  to  the  exclusion  of  everyone  else;  and  we 
understand  from  a  reliable  source  that  they  have 
brought  pressure  to  bear  upon  the  administration  to 
eliminate  everything  that  would  tend  to  interfere  with 
their  activities.”  The  announcement  of  such  an  ugly 
fact  makes  no  impression  whatever  upon  the  Jinn.  For 
he  knows  that  his  devotees  also  wish  everything  elim¬ 
inated  from  the  ether  that  would  interfere  with  the 
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activities  upon  which  they  dote.  They  long  to  listen. 
They  will  revolt  if  they  are  not  provided  with  enter¬ 
tainment. 

You  might  suppose  that  the  Jinn  would  feel  ham¬ 
pered  by  the  proviso  against  advertising.  That  is  the 
biggest  cause  of  his  smile.  For  of  course  advertisers 
are  permitted  to  mention  the  names  of  those  products 
which  generously  provide  entertainment — Induro 
Tires,  Hottentot  Sarsaparilla,  Division  Playing  Cards, 
or  what  not.  That  is  sufficient.  It  is  the  best  art  not  to 
obtrude  any  unmannerly  praising  of  goods.  The  es¬ 
sence  of  good  advertising  is  to  have  the  name  listened 
to,  listened  to,  listened  to,  month  after  month.  If,  for 
instance,  the  name  of  the  Radbrew  Company  is  heard 
every  week  as  the  purveyor  of  a  concert  from  Yalumbia 
University, — ^well,  Yalumbia  journals  congratulate 
radio-owning  alumni  on  being  in  touch  with  alma  ma¬ 
ter  ;  the  editors  do  not  think  of  the  fact  that  the  alumni 
are  in  contact  with  the  Radbrew  Company,  whose  name 
is  being  heard,  being  heard,  being  heard  in  excellent 
association  with  that  of  dear  old  alma  mater.  Such 
advertising  has  become  good  form.  It  is  now  good 
form  for  a  traction  company  in  a  large  city  to  furnish 
a  nightly  program  of  music  and  jollity,  one  number  of 
which  is  something  like  ‘‘a  railroad  talk.’’  The  Jinu 
knows  about  this  good  form  and  smiles. 

You  might  suppose  that  the  Radio  Spirit  would  be 
sobered  by  the  common  knowledge  of  this  fact;  all 
radio  entertainment  is  paid  for — directly  or  indi- 
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rectly~by  advertisers.  But  why  should  he  be  per¬ 
turbed.  The  answer  to  the  fact  is  that  all  periodicals 
are  made  possible  by  advertising.  Radio  can  call  itself 
as  pure  as  journalism. 

The  Jinn  may  have  been  startled  after  the  last  pres¬ 
idential  election  when  the  manager  of  the  defeated 
party  declared  that  the  big  capitalistic  interests  had 
kept  his  speech-makers  off  the  air.  That  charge  made 
several  million  people  take  thought  for  some  minutes. 
But  why  keep  on  worrying  about  it  1  Who  knows  that 
there  is  any  truth  in  it^ 

Who  are  these  big  interests,  anyway?  Who’s  afraid 
of  the  Westinghouse  Company  or  the  Western  Elec¬ 
tric  Company  or  the  American  Telephone  and  Telegraph 
Company?  It  doesn’t  seem  likely  that  the  General 
Electric  Company  would  ever  try  to  elect  a  President 
of  the  United  States.  Although  the  Radio  Corpo¬ 
ration  of  America  is  just  a  subsidiary  of  the  General 
Electric  Company  (which  organized  the  Radio  Corpo¬ 
ration  of  America  in  1919)  and  even  though  the  Fed¬ 
eral  Trade  Commission  did  report  in  December,  1923, 
^‘The  Radio  Corporation  of  America  has  acquired  all 
the  high-power  stations  in  the  country  with  the  excep¬ 
tion  of  those  owned  by  the  Government,  and  it  has 
practically  no  competition  in  the  radio  communication 
field,  ’  ’  the  charge  may  be  a  mistake. 

Why  should  we  have  any  fear  when  we  learn  that 
the  Radio  Corporation  of  America  has  formed  The  Na¬ 
tional  Broadcasting  Company?  The  president  of  the 
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new  company  is  fine-looking;  his  programs  are  going 
to  be  supervised  ^‘by  an  advisory  council  of  twelve 
representatives  of  various  shades  of  public  opinion/^ 
The  Radio  Corporation  of  America  frankly  announces 
its  reasons  for  giving  this  splendid  new  service:  ‘^We 
are  the  largest  distributors  of  receiving  sets  in  the 
world;  we  handle  the  entire  output  of  the  Westing- 
house  and  General  Electric  factories.’’  Why  should 
anybody  be  afraid  of  a  new  concentration  of  the  busi¬ 
ness  of  broadcasting!  The  Jinn  can  only  smile  blandly 
at  any  misgivings. 

<5.  The  Jinn  Will  Cease  Smiling 

The  Jinn  smiles  because  he  knows  that  the  world 
reveres  science  and  worships  its  creations.  If  I  were 
expressing  my  own  private  opinion  about  this  rever¬ 
ence  for  science,  I  should  not  dare  to  use  so  strong  a 
word  as  “worship”;  it  sounds  sarcastic.  But  I  am  re¬ 
peating  what  wiser  men  than  I  are  proclaiming  on 
every  hand.  They  are  not  cynics,  not  makers  of  satire  or 
caricature.  They  are  preachers,  both  social  and  reli¬ 
gious,  who  are  trying  to  lead  mankind  to  better  modes 
of  thought.  They  find  that  our  age  has  had  a  creed 
like  this : 

I  believe  in  science,  and  in  everything  that  results 
from  science.  I  believe  that  any  machinery  produced 
by  science  is  an  advance  in  civilization.  I  believe  that 
every  mechanical  device  for  increasing  speed  and  en¬ 
tertainment  is  an  improvement  of  life.  I  believe  that 
every  new  mechanism  conduces  to  progress. 
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This  cult  of  ^‘progress/’  they  think,  has  made  the 
world  bow  down  to  the  Radio  Jinn. 

The  psBans  of  ecstatic  devotion  to  radio  which  can 
be  read  in  all  American  journals  of  1921  and  1922  are  a 
marvelous  record  of  faith  in  mechanism.  It  seems  not 
unfair  to  call  them  a  kind  of  worship.  Editors  were 
not  content  to  dwell  on  the  fun  and  romance  of  radio, 
but  took  the  high  ground  that  the  human  race  was  to  be 
educated  and  esthetically  uplifted  by  the  messages  in 
the  ether.  Ministers  in  pulpits  declaimed  about  the 
blessings  that  radio  was  bringing  to  civilization.  The 
historian  who  reads  the  record  in  1950  will  see  that  the 
world  of  1922  was  as  frantic  as  the  Ephesians  and  that 
we  ceased  not  to  cry  out  for  the  space  of  three  years,  in 
a  sort  of  frenzy,  Great  is  Radio  of  the  Receiving 
Sets!” 

Now  I  am  not  prepared  to  prove  that  either  the 
Ephesians  were,  or  the  radio  fans  are,  mistaken.  The 
benefits  of  radio  are  numerous  and  undeniable:  it  in¬ 
structs  farmers,  brings  church  services  to  invalids, 
takes  football  games  to  poor  alumni,  converts  dull 
evenings  into  pleasant  ones  for  hundreds  of  thousands 
of  country-dwellers,  purveys  music  and  drama  to  mil¬ 
lions  who  would  otherwise  sit  in  silence,  opens  a  chan¬ 
nel  for  information  and  fellowship  to  tens  of  millions 
who  might  dwell  in  ignorance  if  there  were  no  broad¬ 
casting  stations.  There  is  no  denying  the  benefits  of 
radio.  There  is  no  fault  to  be  found  with  enthusiastic 
people  who  exaggerate  the  benefits. 
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Men  who  fear  the  faith  in  radio  are  not  denying  its 
benefits.  They  are  calling  attention  to  a  quite  different 
matter — ^to  our  blindness.  For  we  are  blind  unless  we 
can  see  the  possibilities  of  evil  in  radio.  Perhaps  the 
possibilities  will  never  amount  to  much.  We  are  not 
asked  to  view  them  with  alarm.  But  see  them  we  must 
if  we  are  not  blind  and  fanatical  shouters  for  progress. 
Eegard  the  rest  of  this  chapter  as  a  display  of  the 
harm  that  radio  may  do.  If  we  can  not  be  skeptical 
about  the  Jinn,  we  shall  never  understand  the  position 
of  science  in  the  new  world  of  to-morrow. 

The  evil  of  radio,  to  put  it  in  six  words,  is  that  it 
centralizes  a  power  of  propaganda.  The  other  and 
lesser  evils  will  make  a  pretty  topic  for  an  essay  some 
day.  The  writer  of  it  will  quote  expert  testimony  that 
our  musical  sense  is  being  perverted,  that  our  minds 
are  being  taught  to  listen  in  a  kind  of  hypnosis,  that 
radio  is  a  nuisance,  and  that  it  may  be  classed  (in  the 
words  of  the  New  Republic)  ^^as  part  of  the  danger¬ 
ous  machinery  of  democracy.”  But  in  this  chapter  I 
shall  limit  myself  to  the  great  evil  which  many  thought¬ 
ful  critics  now  suspect — that  radio  may  become  a  ma¬ 
chinery  for  damaging  democracy  by  centralizing  the 
power  of  propaganda. 

We  have  no  conception  of  the  extent  to  which  mil¬ 
lions  of  minds  can  be  bent  in  any  desired  direction  by 
the  skilful  control  of  broadcasting.  A  pleasant  sample 
of  this  force  of  radio  was  a  tale  told  by  the  press  early 
in  1926.  Primo  de  Eivera  (the  story  ran)  offered  fifty 
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thousand  pesetas  for  information  leading  to  the  detec¬ 
tion  of  a  sender  of  wireless  bulletins  who  was  telling 
people  unpleasant  things  about  the  dictator  and  about 
the  conduct  of  the  Moroccan  war.  We  rejoiced  in  the 
good  that  radio  could  do.  Why  would  it  not  be  wiser 
to  consider  what  radio  would  do  when  it  was  safely  in 
the  control  of  the  dictator  and  was  teaching  the  people 
of  Spain  about  his  wisdom  and  goodness  ? 

If  we  sympathize  with  the  Soviet  Government,  we 
like  to  read  the  story  of  how  Russian  communism  was 
advertised  by  broadcasting  its  merits  in  Roumania. 
Why  would  it  not  be  wiser  to  consider  what  radio  might 
do  in  a  country  where  some  unscrupulous  party  in  con¬ 
trol  filled  all  the  air  with  its  untruths!  The  Rouma¬ 
nian  Government  tried  to  defend  itself  against  Russia 
by  filling  the  air  with  waves  from  its  military  stations. 
Suppose  that  the  cause  of  militarism  was  thus  upheld 
by  an  oligarchy  that  had  centralized  the  power  of  prop¬ 
aganda. 

We  enjoy  hearing  the  amusing  story  of  how  a  Vice- 
President  used  radio  to  explain  to  his  country  the  mon¬ 
strosities  of  the  rules  of  the  Senate  over  which  he  pre¬ 
sided.  If  we  see  only  good  in  this  situation,  we  are 
blind.  The  equally  important  fact  is  that  a  whole  coun¬ 
try  could  be  made  the  receptive  audience  of  a  designing 
politician  whose  party  had  control  of  the  radio  sta¬ 
tions.  That  control  is  now  highly  centralized.  Any 
government  bureau  that  regulates  broadcasting  has 
power  of  life  and  death  over  the  companies  that  send 
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out  evening  programs.  No  company  would  dare  to  of¬ 
fend  or  oppose  the  bureau  by  sending  out  matter  which 
it  did  not  approve.  All  companies  would  acquiesce  in 
broadcasting  as  the  bureau  directed. 

The  Nation  has  devoted  several  editorials  and  spe¬ 
cial  articles  to  the  peril  of  radio  control,  and  in  so  do¬ 
ing  it  is  not  peculiar.  We  are  blind  worshipers  of  a 
Jinn  if  we  will  not  see  the  peril.  ‘‘The  assurance  of  the 
right  of  free  speech,’’  says  one  of  the  contributors,  “is 
meaningless  so  long  as  the  Department  of  Commerce  is 
given  the  power  to  classify  stations  and  to  prescribe 
the  nature  of  their  services.  ...  If  the  Dill  bill  is 
passed,  it  will  be  too  late  to  safeguard  public  opinion. 
.  .  .  Protests  must  be  sent  promptly,  supporting  the 
testimony  of  the  American  Civil  Liberties  Union. 
Otherwise  a  statute  will  be  enacted  which  wipes  out 
any  relationship  between  radio  and  public  welfare.  ’  ’ 

All  devotees  of  the  Jinn  have  assumed  that  there  is 
such  a  relationship,  that  of  course  radio  must,  by  its 
very  nature,  conduce  to  welfare.  But  it  is  just  as  pos¬ 
sible  that  radio  may  conduce  to  perdition.  In  the  new 
world  of  to-morrow  it  is  going  to  be  perceived  that 
science  need  not  be  progress  and  that  machinery  need 
not  be  welfare.  There  is  no  pessimism  in  this  discov¬ 
ery.  It  is  the  same  ancient,  hackneyed  truth  which 
Mary  Shelley  put  into  her  fable  Frankenstein.  A  stu¬ 
dent  built  an  artificial  man  and  was  proud  of  his  handi¬ 
work,  but  the  manufactured  man  turned  upon  his 
maker  and  killed  him.  The  story  has  been  frequently 
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cited  during  the  last  five  years  as  an  illustration  of  the 
pet  creature  of  the  human  race,  machinery.  The  ma¬ 
chinery  that  science  has  made  possible  for  war — well, 
we  have  heard  enough  about  it.  I  forbear.  We  praise 
ourselves  for  inventing  radio  devices  and  take  it  for 
granted  that  we  have  thus  insured  progress.  But  radio 
is  not  beneficent  because  it  is  derived  from  science.  It 
may  become  the  tool  for  vicious  propaganda. 

If  the  Jinn  had  been  less  mighty,  he  would  have 
been  worried  by  this  discovery  of  his  potency  for  evil. 
It  is  patent  to  any  observer  that  radio  is  a  stupendous 
and  subtly  manageable  instrument  for  propaganda.  It 
is  controlled  by  astute  minds,  by  a  very  few  of  them, 
who  are  well  agreed  as  to  what  is  good  for  the  world. 
They  could  give  to  the  candidates  they  favor  the 
freedom  of  the  air,  and  keep  other  candidates  off 
the  air.  They  could  broadcast  gentle  sorrow  about  the 
way  Mexico  is  abusing  priests  or  the  way  Japan  is  be¬ 
ing  militaristic  in  China.  But  since  we  do  not  know 
that  they  have  exercised  such  a  power,  since  we  can 
speak  only  vaguely  of  what  they  could’’  do  in  the 
future,  the  Jinn  is  not  worried. 

No,  the  Jinn  has  been  aware  of  what  President 
Harding  said  when  he  received  a  doctorate  at  Muskin¬ 
gum  College:  ‘^We  Americans  have  contributed  more 
to  human  advancement  in  a  century  and  a  half  than  all 
the  people  of  the  world  in  all  the  history  of  the  world.” 
The  Jinn  has  known  that  we  all  regard  radio  with  op¬ 
timism,  as  part  of  this  advancement.  He  has  heard  the 
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words  of  Sir  Eric  Drummond:  “Assuredly  tlie  coop¬ 
eration  of  Radio  and  the  League  of  Nations  will  make 
for  the  peace  of  the  worldP’ 

In  the  new  world  of  to-morrow  the  Jinn  will  fall 
like  Dagon.  For  men  will  see  that  science  is  just  a 
measurement  of  facts  and  has  no  magic  “progress’’  in 
it.  The  inventions  made  by  applying  science  are  not, 
in  their  nature,  an  addition  to  our  welfare.  They  are 
tools.  They  are  neither  good  nor  bad.  The  kind  of 
work  they  do  will  be  determined  by  the  kind  of  people 
who  employ  them. 


XI 

WHAT  IS  SCIENCE  BECOMING? 

Science  Can  Only  Measure 
1.  Science^ ^  Has  Not  Yet  Been  Defined 

Through  ten  chapters  I  have  been  assuming  a  cer¬ 
tain  definition  of  science,  and  it  is  unlikely  that  you  have 
quarreled  with  my  definition.  Indeed  it  is  likely  that 
you  have  not  thought  anything  about  a  definition.  You 
suppose  that  you  understand  the  nature  of  science,  you 
notice  that  my  assumption  is  the  same  as  yours,  and  so 
you  have  raised  no  question  as  to  what  science  is.  Why 
bother  with  the  subtleties  of  a  definition?  You  and  I 
know  that,  in  the  last  analysis,  nothing  can  be  defined. 
We  know  that  science  will  work  ahead  just  as  well  with¬ 
out  being  run  through  any  mill  of  dialectic  abstrac¬ 
tions. 

For  my  own  part,  I  prefer  to  observe  what  science 
does  in  its  different  departments  and  to  say,  like  a 
plain  man  of  business,  ^‘That  is  science.  I  dislike  to 
have  my  philosophical  friend  object,  ^‘But  what  is  ob¬ 
servation?  What  is  a  fact?  What  is  knowledge?’^  I 
know  that  if  I  try  to  define  these  familiar  words  I  shall 
be  lost  in  a  welter  of  contradictions.  I  know  that  after 
a  month  of  scrupulous  definings  I  shall  be  no  clearer  in 
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my  mind.  I  prefer  to  grub  along  with  my  preconcep¬ 
tions  and  assumptions.  Hence  I  should  like  to  send 
this  book  into  the  world  without  fussing  about  ^‘What 
Science  Is  Becoming.’’  Few  readers  would  find  any 
fault  if  I  did  so ;  whereas  this  chapter  may  rouse  an¬ 
tagonisms. 

But  nothing  in  all  the  realm  of  our  modern 
thought  is  so  novel  or  so  important  as  the  conception 
of  what  science  is.  I  will  illustrate  by  a  simple  device 
the  catastrophes  that  daily  occur  in  practical  minds  be¬ 
cause  of  the  failure  to  inquire  ‘‘What  is  science!”  Ask 
yourself  which  words  in  the  following  list  are  names 
of  a  science: 

Psychology  Philosophy  Astronomy 

History  Mathematics  Economics 

Theology  Sociology  Ethics 

The  questions  are  by  no  means  easy  to  answer.  Take 
your  time.  Do  not  consult  a  dictionary.  Check  the 
words  that  are  not  the  name  of  a  science.  Now  ask  two 
of  your  friends  to  do  the  same.  Compare  your  list  with 
theirs.  You  will  then  discover  a  disturbing  fact:  you 
three  people  have  no  common  standard  for  trusting  or 
distrusting  a  great  structure  of  intellectual  material. 
For  instance,  is  astronomy  more  trustworthy  than 
economics  or  less  trustworthy!  Is  sociology  a  true 
science,  or  a  pseudo-science,  or  an  infant  science,  or  a 
heap  of  feelings! 

There  is  not  much  need  of  worrying  about  our  ama¬ 
teur  inability  to  decide  what  science  is.  The  trouble  is 
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that  the  teachers  of  these  subjects  are  unable  to  de¬ 
cide.  Most  chemists  suppose  that  a  theologian  is  not 
a  scientist  at  all,  but  some  theologians  believe  that  they 
are  true  scientists  of  a  higher  and  nobler  sort  than 
chemists.  One  sociologist  avers  in  his  learned  tomes 
that  he  has  pursued  ‘‘the  most  rigorous  scientific 
method^’;  another  sociologist  in  the  same  university 
will  assure  you  that  in  his  subject  there  is,  as  yet,  no 
more  than  a  tincture  of  science.  To  a  zoologist  there 
is  no  more  science  in  ethics  than  in  spiritualism;  the 
moral  philosopher  can  prove  that  mathematics  is  pure 
fancy. 

What  does  it  matter,  practically,  that  the  professors 
themselves  do  not  know  what  science  is?  This:  that 
we  are  advised  by  “scientists^’  to  vote  for  social  re¬ 
forms,  to  alter  our  education,  to  spend  our  money,  to 
alter  our  religioUy  to  alter  our  conception  of  children, 
to  alter  our  notions  of  hygiene  and  food  and  disease 
and  racial  characteristics  and  democracy — but  that 
we  have  no  way  of  telling  when  the  advice  is  scien¬ 
tific  or  what  sort  of  scientist  has  a  right  to  give 
advice.  Some  of  us  look  up  reverently  to  all  science ; 
some  of  us  have  come  to  distrust  all  science;  some  of 
us  are  beginning  to  wonder  how  a  line  can  be  drawn 
between  fact  and  fancy  in  the  outgivings  of  science. 
Wliat  is  science,  anyway? 

Now  you  may  spend  a  startling  quarter  of  an  hour 
with  the  dictionary.  “Ethics  is  the  science  of  right 
conduct  and  character.”  “History  is  that  branch  of 


264 


EXPLORING  THE  UNIVERSE 


science  wliicli  is  occupied  with  ascertaining  and  record¬ 
ing  the  facts  of  the  past.’’  ‘‘Philosophy  is  the  organ¬ 
ized  sum  of  science,  the  science  of  which  all  others  are 
branches.”  “Theology  is  the  science  concerned  with 
ascertaining,  classifying,  and  systematizing  all  attain¬ 
able  truth  concerning  God.”  “Pedagogics  is  the  sci¬ 
ence  of  teaching;  it  applies  the  exact  methods  of  sci¬ 
ence  to  problems  of  education.”  “Economics  is  the 
science  which  treats  of  wealth.  ”  “  Mathematics  is  the 
science  of  quantity  and  arrangement  .  .  .  the  study  of 
ideal  constructions  .  .  .  the  observations  being  upon 
objects  of  imagination  merely  .  .  .  involving  no  obser¬ 
vation  of  facts.”  There  is  no  possibility  that  these 
definitions  can  be  wrong,  because  they  are  severely  im¬ 
personal  digests  of  what  the  learned  world  agreed  upon 
when  the  new  and  enlarged  edition  of  the  Century  Dic¬ 
tionary  was  made  in  1911.  It  was  then  established 
truth  that  economics  and  ethics  and  theology  are  sci¬ 
ences  dealing  with  objective  realities,  while  mathema¬ 
tics  is  a  science  dealing  with  mere  imaginings.  For 
aught  I  can  prove,  those  definitions  are  correct  in  1927. 

Surely  you  do  not  expect  me  to  prove  anything 
about  the  nature  of  science.  I  am  no  referee.  I  would 
not  presume  to  register  a  judgment  as  to  whether  some 
branches  of  learning  are  more  scientific  than  others. 
But  I  have  done  good  service  by  calling  your  attention 
to  the  fact  that  no  definition  of  science  has  yet  been 
generally  adopted. 
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I  can  go  only  a  little  farther  with  safety:  (1)  I  can 
indicate  what  groups  of  learned  persons  are  generally 
conceded  by  other  groups  to  be  scientists.  (2)  I  can 
point  out  why  some  members  of  other  groups  admit 
that  they  themselves  are  not  scientists.  In  so  doing  I 
can  not  be  accused  of  offering  any  o|)iiiion  of  my  own ;  I 
shall  be  a  mere  reporter  of  what  is  generally  conceded 
or  what  people  confess  about  themselves. 

2.  What  Are  the  Achnoivledged  Sciences? 

Have  you  ever  heard  any  intelligent  person  deny 
that  an  astronomer  was  a  scientist?  I  never  have. 
Astronomers  have  sometimes  been  as  gullible  and 
superstitious  as  the  rest  of  us,  as  we  saw  in  Chapter  I. 
Astronomers  have  doubtless  fought  and  voted  as  fool¬ 
ishly  as  unscientific  persons.  They  do  not  belong  on 
any  pedestal.  But  sociologists  and  historians  and  biol¬ 
ogists  and  theologians  agree  unanimously,  so  far  as  I 
know,  that  astronomers  are  scientists.  Probabty  the 
same  statement  applies  to  men  who  work  in  any  depart¬ 
ment  of  physics  or  chemistry.  Geologists  would  be 
classed  here,  except  so  far  as  they  are  tainted  with  the 
dogma  of  the  group  described  in  the  next  paragraph. 

All  students  of  organic  life  (botanists,  zoologists, 
cytologists,  paleontologists,  etc.)  may  be  called  by  the 
common  name  of  biologists.  They  would,  I  suppose,  be 
classed  as  scientists  by  a  large  majority  of  scholarly 
folk — I  should  guess  by  ninety-five  per  cent,  of  them. 
The  argument  against  considering  them  scientists  is 
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that  they  trust  in  a  creed  known  as  ‘‘evolution,”  which 
is  sometimes  described  as  a  superstition. 

Mathematicians  are  a  doubtful  group.  I  have  heard 
of  one  of  them  who  maintained  that  his  business  was 
not  a  science,  hut  an  art.  Dictionary  authority  is  all 
against  him.  The  serious  charge  against  mathematicians 
is  that  they  deal  with  purely  imaginary  materials.  I 
can  partly  see  why.  The  A  and  B  and  C  who  do  a 
piece  of  work  are  imaginary ;  a  point  or  a  line  is  a  pure 
hypothesis;  so  throughout  the  whole  realm  of  compu¬ 
tations.  Yet  even  the  dictionary  which  seems  to  doubt 
mathematics  exalts  it  thus:  “The  observations  being 
upon  objects  of  imagination  merely,  the  discoveries  of 
mathematics  are  susceptible  of  being  rendered  quite 
certain.”  The  consensus  of  opinion  is,  by  a  heavy 
majority,  that  mathematics  is  a  science.  And  there  is  a 
strong  reason  for  the  consensus :  all  the  sciences  previ¬ 
ously  mentioned  are  now  so  dependent  on  mathematics 
that  they  would  topple  in  a  common  ruin  if  mathe¬ 
matics  were  adjudged  not  to  be  a  science. 

It  may  be  said  of  all  the  groups  thus  far  mentioned 
that  scarcely  any  members  of  any  group  deny  that  they 
are  scientists,  and  that  only  a  few  of  any  group  would 
deny  that  all  the  other  groups  are  scientists.  The  sub¬ 
jects  of  study  included  thus  far  have  one  common  char¬ 
acteristic:  they  investigate,  or  at  least  try  to  investi¬ 
gate,  without  reference  to  human  notions  of  value. 
They  are  usually  lumped  together  as  “natural  sci- 


WHAT  IS  SCIENCE  BECOMING? 


267 


ences.”  Denial  that  they  are  sciences  is  so  slight  as  to 
be  negligible. 

3,  Which  Are  the  Disputed  Sciences? 

That  economics  is  not  a  science  would  never  occur 
to  you  and  me,  for  it  deals  with  concrete  matters  like 
wheat  and  money  and  railroads;  it  need  not  be  emo¬ 
tional  ;  it  tries  to  be  mathematical ;  we  all  call  it  a  sci¬ 
ence.  But  many  keen  economists  of  to-day  are  winning 
fame  and  approval  by  announcing  loudly  that  the  class¬ 
ical  laws  of  their  subject  ‘^have  been  merely  logical  ex¬ 
ercises.’’  The  president  of  the  American  Economic 
Association  has  told  the  members  flatly:  ‘‘Economics 
has  not  yet  laid  secure  enough  foundations  so  that  it 
can  serve  as  a  reliable  guide  to  action.”  He  assumes, 
you  see,  a  certain  test  of  whether  a  subject  is  a  science 
■ — that  it  can  serve  as  a  guide  to  action.  Every  physi¬ 
cist  and  chemist  and  biologist  assumes  the  same  crite¬ 
rion:  “If  my  discovery  will  not  apply,  uniformly  and 
unmistakably,  as  a  guide  to  action,  it  is  not  scientific.  ’  ’ 
Apparently  the  president  of  the  Association  did  not 
lose  caste  because  of  his  gloomy  distrust.  He  was  not 
hissed  when  he  went  further :  “Economics  may  during 
the  next  century  .  .  .  take  its  place  beside  the  more 
primitive  sciences.”  He  is  not  a  pessimist,  for  he  be¬ 
lieves  that  economics  is  less  primitive  than  the  natural 
sciences ;  but  he  doubts  whether  his  subject  has  yet  be¬ 
come  a  science.  I  should  guess  (there  are  no  statistics 
published)  that  at  least  forty  per  cent,  of  the  new  gen¬ 
eration  of  economists  agree  with  their  president;  I 
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should  guess  that  at  least  forty  per  cent,  of  the  men  in 
the  natural  sciences  agree  with  him.  Clearly  economics 
has  a  debatable  status. 

It  never  occurred  to  the  editors  of  the  Century ^  any 
more  than  it  would  have  occurred  to  me,  to  question 
the  status  of  history.  To  be  sure,  shortcomings  are  ob¬ 
vious,  for  it  must  deal  with  a  fragmentary  record  and 
is  always  in  danger  of  being  biased  by  each  historian’s 
prejudices.  Still  the  historians  seem  fully  aware  of 
these  disadvantages;  they  train  themselves  scrupu¬ 
lously  to  make  objective  judgments.  So  their  standing 
as  scientists  would  never  have  been  seriously  called  in 
question  if  they  had  not — to  their  everlasting  honor — 
challenged  themselves.  When  historians  of  such  dif¬ 
ferent  temper  and  experience  as  H.  E.  Barnes  and  F.  J. 
Teggart  agree  that  history  has  not  been  a  real  science, 
we  can  not  suppose  that  they  are  wantonly  setting  fire 
to  their  own  house.  They  are  not  peculiar.  Plenty  of 
their  peers  agree  that  history  has  not  been  a  science.  A 
considerable  percentage  of  historians  are  now  casting 
about  for  a  method  of  work  which  shall  be  scientific. 
Therefore  history,  by  its  own  testimony,  must  be  put  in 
the  doubtful  column. 

Few  sciences  rank  so  high  in  popular  estimation  as 
psychology.  It  serves  as  a  guide  to  the  action  of  ad¬ 
vertisers  and  the  morale-builders  for  big  business.  So¬ 
ciologists  and  educators  rank  it  high  as  a  guide  to 
achievement  in  their  sciences.  Yet  any  slight  review  of 
its  history  will  show  that  the  principal  activity  of  psy- 
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chology  has  always  been  to  overturn  the  misconceptions 
of  previous  psychologists.  The  era  of  ^ ^faculties’’  was 
followed  by  the  era  of  ‘‘consciousness”;  and  now  the 
behaviorists  proclaim  that  consciousness  is  a  mere 
myth,  a  peg  on  which  to  hang  gossamer  speculations. 
The  behaviorist,  John  B.  Watson,  declares  without  any 
if  or  hut:  “The  old  psychology  is  dominated  by  a  kind 
of  subtle  religious  philosophy.  .  .  .  ‘Consciousness’  is 
the  keynote  of  all  psychologies  to-day  except  behavior¬ 
ism.  ...  It  is  an  assumption  unprovable,  unapproach¬ 
able.  ...  In  1912  the  behaviorists  decided  either  to  give 
up  psychology  or  else  to  make  it  a  natural  science.” 
Watson  issues  this  challenge  to  all  psychologists  ex¬ 
cept  behaviorists:  “Prove  to  us  that  philosophy  and 
the  social  sciences  based  upon  your  speculations  have 
any  right  to  further  take  up  the  time  and  thought  of 
developing  students.”  For  fifteen  years  the  behavior¬ 
ists  have  been  asserting  that  all  other  methods  of 
studying  the  mind  are  nonsense  and  that  behaviorism 
is,  at  best,  an  infant  science.  A  respectable  body  of 
natural  scientists  agree  with  the  behaviorists.  Hence 
psychology  is,  by  its  own  professors,  rated  among  the 
doubtful  sciences.  As  for  that  branch  called  psycho¬ 
analysis,  the  behaviorists  use  a  short  and  ugly  word — 
junk. 

The  anthropologists  have  had  such  a  hard  time, 
with  such  scanty  and  tangled  data,  that  other  scientists 
have  honored  them  for  their  results.  The  only  fault 
found  with  them  has  been  found  by  themselves.  “I 
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have  heard  Boas  demolish  Sumner/’  a  friend  reports 
to  me.  It  is  not  likely  that  many  anthropologists  be¬ 
lieve  their  science  has  yet  become  a  sure  guide  for  the 
action  of  immigration  commissioners  or  eugenists. 

Political  science  is  defined  as  ‘Hhe  science  which 
considers  the  forms  of  government,  of  the  principles 

t 

that  should  underlie  it,  of  the  extent  to  which  it  should 
intervene  in  public  and  private  affairs,  ’  ’  etc.  The  defi¬ 
nition  was  penned  nearly  forty  years  ago,  but  was  con¬ 
sidered  proper  fifteen  years  ago.  What  proportion  of 
acknowledged  scientists  would  admit  a  ‘‘should”  to 
their  investigations?  Any  student  of  the  natural  sci¬ 
ences  shudders  at  the  thought ;  any  “should”  in  his  lab¬ 
oratory  would  desecrate  the  place  and  all  the  labor  of 
it.  Or  test  the  definition  by  the  more  usual  standard : 
What  guide  to  the  action  of  electors  and  statesmen  can 
political  science  proffer?  During  the  last  decade  a 
stream  of  books  and  articles  have  essayed  to  show  that 
our  conception  of  government  is  simply  a  set  of  no¬ 
tions.  While  I  am  writing  this  chapter  I  come  upon 
two  current  articles  by  Harvard  professors  who  are  au¬ 
thors  of  books  on  government:  The  Worst  Fundamen¬ 
talism  by  W.  B.  Munro,  and  Democracy  or  Dictator¬ 
ship  by  W.  C.  Abbott.  Their  thesis  can  be  guessed 
from  their  titles — that  the  dreadful  truth  about  democ¬ 
racy  and  public  opinion  and  rule  of  the  majority  has 
not  been  exposed  to  the  world  by  any  coherent  and  self- 
confident  body  of  science.  The  keenest  students  of  po¬ 
litical  science  (so  far  as  men  like  Munro  and  Abbott 
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inform  us)  are  the  very  ones  who  deny  that  any  science 
of  government  yet  exists.  The  editors  of  onr  dic¬ 
tionaries  must  do  much  overhauling  of  their  definitions 
if  they  are  to  keep  abreast  of  scholarship. 

They  now  define  pedagogics  as  ^Hhe  science  of  edu¬ 
cation.  ’  ^  But  there  is  abundance  of  testimony  from  the 
leading  minds  in  schools  of  education  that  pedagogics 
has  not  become  a  science.  There  is  evidence  that  a 
large  proportion  of  natural  scientists  can  not  conceive 
how  pedagogics  can  yet  rank  as  a  science.  A  consider¬ 
able  proportion  of  experienced  teachers  do  not  concede 
that  pedagogics  is  a  science  which  can  guide  them  to 
action  in  the  class-room. 

If  in  any  branch  of  scholarship  many  of  the  leaders 
are  searching  for  a  scientific  method,  it  would  be  a  con¬ 
tradiction  in  terms  to  say  that  the  subject  is  already  a 
science.  That  is  the  reason  why  sociology  can  not, 
in  fairness  to  its  professors,  be  called  a  science.  Many 
sociologists  (I  should  guess  a  majority  of  them)  are 
trying  to  purify  and  vitalize  their  profession  by  de¬ 
nouncing  the  dreamers  and  uplifters  who  paste  the 
label  of  Science”  upon  their  preachments.  For  one 
example :  A  few  years  ago  one  of  the  best-known  so¬ 
ciologists  in  the  country  based  an  important  argument 
on  the  success  of  the  United  States  in  doing  away  with 
the  liquor  traffic ;  but  other  sociologists  consider  that  the 
effort  was  unwise  and  the  result  not  a  success.  A  long 
list  could  be  made  of  similar  disagreements  among  the 
best-known  sociologists.  That  is  why  many  sociolo- 
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gists  are  casting  about  for  some  way  to  become  scien¬ 
tists. 

I  wish  that  a  poll  could  be  taken  of  several  hundred 
professors  of  philosophy,  to  discover  what  proportion 
of  them  consider  their  business  a  science.  The  only  one 
I  happen  to  know  says  that  philosophy  is  poetry.  Many 
philosophers  think  that  their  occupation  is  to  hold  the 
reins  of  science,  but  some  conceive  that  philosophy 
must  take  the  bit  and  be  science.  Most  of  the  natural 
scientists  have  never  even  heard  that  philosophy  is 
supposed  to  guide  them,  or  can  conceive  how  such  guid¬ 
ance  is  possible ;  they  think  of  philosophy  as  the  oppo¬ 
site  of  science.  Certainly  all  reasonable  philosophers 
,  must  admit  that  they  do  not  give  the  world  any  body  of 
instruction  that  is  nearly  unanimous,  as  chemistry 
does.  A  vote  of  all  the  college  graduates  in  the  country 
would  probably  show  only  a  minority  in  favor  of  call¬ 
ing  philosophy  a  science. 

To  call  religion  a  science  would  sound  like  an  insult 
nowadays,  though  I  know  that  some  professors  in 
divinity  schools  do  speak  of  their  subject  as  a  science. 
‘^Our  Theology,’^  a  young  Presbyterian  minister  said 
to  me  ten  years  ago,  ‘Hs  now  based  on  evolution.’’  But 
if  a  majority  of  theologians  class  themselves  as  scien¬ 
tists,  they  ought  to  tell  the  world  about  their  status. 
Most  of  the  educated  world  supposes  that  theology 
would  resist  being  called  a  science.  If  Andrew  D. 
White’s  title,  The  Warfare  of  Science  with  Theology y 
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has  stood  unchallenged  for  thirty  years,  we  are  excus¬ 
able  for  assuming  that  theology  is  not  a  science. 

Ethics  is  so  involved  with  religion  that  no  layman 
would  be  excused  for  trying  to  untangle  them.  My  own 
experience  is  that  when  I  bring  ‘‘ethics’’  into  a  con¬ 
versation  I  am  never  suspected  of  mentioning  a  sci¬ 
ence.  The  world  would  be  benefited  if  some  capable 
student  should  answer  the  following  question  in  a  doc¬ 
toral  dissertation:  What  proportion  of  recent  scholar¬ 
ly  books  by  sociologists,  psychologists,  historians  and 
anthropologists  assume  that  human  conduct  is  what  the 
writers  on  ethics  assert?  My  own  very  slight  acquaint¬ 
ance  with  such  literature  indicates  that  the  proportion 
would  not  be  greater  than  one-fifth.  The  proportion  of 
those  w^ho  conceive  ethics  to  be  a  science  would  presum¬ 
ably  be  smaller  still. 

All  my  references  in  the  preceding  ten  paragraphs 
to  “proportion  of  men  who  concede”  do  not  prove  any¬ 
thing.  I  am  not  trying  to  prove  that  these  ten  subjects 
are  not  sciences.  I  am  only  showing  that  they  are  not 
unanimously  considered  to  be  sciences,  that  there  is 
some  question  about  their  status.  It  appears  that  the 
word  “science”  is  used  for  two  groups  of  subjects; 

1.  The  natural  sciences,  which  are  considered  to 
be  true  sciences  by  all  who  profess  them  and  by 
most  educated  people. 

2.  All  other  sciences,  which  are  considered  ques¬ 
tionable  even  by  some  professors  of  the  subjects. 

This  division  into  two  classes  is  not  hinted  at  in  the 
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dictionaries,  is  not  suspected  by  many  cultured  people, 
and  often  clouds  the  reasoning  of  men  who  work  in  the 
non-natural  sciences — which  may  conveniently  be 
called  the  ‘‘social  sciences.’’  It  sounds  absurd  to  class 
psychology  among  the  social  sciences ;  for  this  subject 
is  commonly  and  properly  ranked  among  the  natural 
sciences.  It  is  no  choice  of  mine  to  call  it  social.  I 
have  to  put  it  in  the  second  group  because  so  many  of 
its  professors  are  doubtful  about  its  belonging  to  the 
first  one,  because  the  natural  sciences  make  very  little 
use  of  it,  because  the  social  sciences  affiliate  themselves 
closely  with  it,  and  because  it  deals  with  the  disputable 
and  undefined  data  of  “consciousness.” 

4.  The  Peculiar  Qualities  of  the  Natural  Sciences 

It  is  not  possible  to  draw  a  sharp  boundary  line  be- 
tv/een  the  two  groups  of  sciences.  But  it  is  possible  to 
describe  the  ways  in  wdiich  a  natural  science  commonly 
differs  from  the  other  sort.  I  offer  the  following  list, 
not  as  an  analysis  that  always  applies,  but  as  an  infor¬ 
mal  statement  of  what  is  generally  true  of  the  natural 
sciences. 

a.  The  natural  sciences  usually  work  without  ref¬ 
erence  to  human  desires  or  passions.  Even  in  the  study 
of  the  human  body  science  reports  its  findings  about 
certain  material  substances,  without  considering  whose 
feelings  are  going  to  be  hurt  or  what  the  application 
will  be  in  society.  Ordinarily  the  researches  of  physi¬ 
ology  or  anatomy  are  not  influenced  by  the  fact  that  the 
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investigator  is  a  Congregationalist  or  a  Democrat  or 
an  Elk. 

h.  The  materials  of  natural  science  are  seen  in  the 
same  way  by  all  workers.  No  result  is  accepted  un¬ 
less  it  can  be  verified  by  tests  which  every  other  worker 
can  apply  in  the  same  way  and  which  yield  him  the 
same  convincing  proof.  Example:  a  spectroscopic 
analysis  of  light  from  Sirius  can  be  duplicated  and  ac¬ 
cepted  in  every  laboratory ;  but  there  is  no  way  to  get 
experimental  proof  of  the  sociological  opinion  that  cap¬ 
ital  punishment  is  detrimental  to  society. 

c.  A  natural  science  is  not  ^  ‘ overthrown’ ’  or  ^ ^ rad¬ 
ically  revised”  every  few  years.  Two  extreme  exam¬ 
ples  :  (1)  Darwinism,  though  it  added  a  great  new  con¬ 
cept  to  biology,  did  not  destroy  much  of  the  previous 
structure  of  the  science.  (2)  Eelativity  has  not  over¬ 
thrown  the  older  physics  or  denied  the  validity  of  class¬ 
ical  mechanics  and  geometry;  relativity  has  simply 
added  to  physics  by  showing  that  beyond  a  certain  limit 
the  old  formulas  cease  to  apply.  But  in  pedagogics  we 
may  read  every  week  such  proposals  as  this  of  Glenn 
Frank,  president  of  the  University  of  Wisconsin : 
‘‘Some  radically  new  approach  is  necessary,  which  may 
mean  the  complete  scrapping  of  the  present  curricu¬ 
lum.” 

d.  Natural  science  deals  only  with  data  that  can 
be  expressed  by  precise  measurements  of  some  sort. 
Example:  Suppose  that  Eichard  gives  Charles  one 
dollar  for  a  watermelon.  All  that  natural  science  can 
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tell  about  the  transaction  is  limited  to  certain  precise 
measurements  of  grams,  nuclei,  atomic  weights,  etc. 
But  economics  can  measure  ‘Hhe  net  gain  in  personal 
satisfaction  secured  by  the  consumer,  Richard,  through 
the  acquisition  of  the  melon — i.  e.,  the  economic  rent.’’ 
Natural  science  thus  limits  itself  severely,  makes  itself 
unlovely  to  our  emotions,  and  resigns  many  chances  for 
interesting  or  attracting  or  improving  mankind. 

e.  It  follows  that  natural  science  does  not  tell  us 
what  we  ‘‘ought”  to  do.  It  does  not  concern  itself  with 
duty  or  progress. 

/.  A  natural  scientist  deals  only  with  matters  with 
which  he  is  thoroughly  familiar.  A  system  of  ethics 
may  be  erected  by  a  scholar  who  is  not  familiar  with 
the  ethics  of  bootleggers  or  politicians  or  promoters ;  a 
grammar-school  curriculum  may  be  “radically  re¬ 
vised”  by  a  pedagogist  who  has  never  taught  in  a 
grammar-school;  a  theory  of  rent  may  be  devised  by 
an  economist  who  has  never  eaten  any  watermelon. 
But  every  chemist  who  analyzes  sea-water  is  thor¬ 
oughly  familiar  with  Na  Cl. 

g.  In  the  history  of  natural  science  there  have  been 
many  romantic  cases  of  winning  fame  by  making  a  gen¬ 
eral  deduction — for  example,  Newton’s  laws  of  motion 
and  Lamarck’s  theory  of  development.  But  only  an 
extremely  small  percentage  of  modern  natural  scien¬ 
tists  work  with  an  expectation  of  reaching  a  great  de¬ 
duction.  In  general  they  are  not  trying  to  establish 
any  far-reaching  thesis.  For  the  most  part  they  are 


WIIAT  IS  SCIENCE  BECOMING? 


27T 


trying  to  measure  something  exactly.  They  conceive 
that  all  great  advances  of  the  past  have  originated  in 
a  desire  to  observe  and  measure.  They  believe  that  the 
great  deductions  have  been  accidental  by-products. 
Hence  they  think  that  ‘‘making  a  radical  revision  in 
thought’’  is  a  will-o’-the-wisp  that  leadeth  to  destruc¬ 
tion.  They  gape  at  social  scientists  whose  immediate 
purpose  is  to  contrive  a  revolutionary  formula. 

h.  The  typical  natural  scientist  is  actuated  by  a 
curiosity  to  find  out  why  something  is  as  it  is.  His  in¬ 
stinct  is  like  that  of  a  detective — not  to  derive  some 
far-flung  explanation  of  the  nature  of  all  crime,  but  to 
get  an  utterly  concrete  explanation  of  who  committed 
this  particular  crime.  A  natural  scientist  is  curious 
about  specific  puzzles.  He  does  not  inquire  about  the 
genus  boulder,  but  asks,  “Now  how  in  thunder  did  this 
boulder  get  to  this  place?”  If  he  happens  to  be  so 
much  of  a  philosopher  as  to  wish  to  understand  the  na¬ 
ture  of  all  gases,  he  begins  his  inquiry  by  examining 
the  doings  of  this  particular  gas  under  this  degree  of 
pressure.  He  is  curious  about  this  special  bit  of  be¬ 
havior.  His  mind  can  not  deal  with  such  a  generality 
as  “feverishness,”  but  runs  like  a  fire-horse  to  the 
mystery  of  this  particular  individual  that  is  now 
feverish. 

i.  Ordinarily  a  natural  scientist  begins  operations 
by  observing  something,  but  he  is  not  compiling  facts 
indifferently.  He  is  gathering  those  facts  which  may 
help  him  to  solve  some  particular  puzzle  that  has 
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roused  his  curiosity.  Perhaps  he  has  made  a  prelim¬ 
inary  guess  at  the  right  answer;  perhaps  he  wants  to 
prove  that  a  rival  who  laughed  at  his  guess  is  an  ass. 
There  is  no  telling  how  corrupt  his  mind  may  he  as  he 
begins  investigating  the  length  of  X-rays  or  the  mat¬ 
ing  of  Didinium  nasutum.  But  he  dares  not  let  the 
personal  motives  influence  him.  He  is  playing  a  game 
which  can  not  be  won  by  hating  anybody  or  loving  hu¬ 
manity  or  being  beautifully  logical  or  going  through 
any  prescribed  set  of  motions.  His  little  enterprise  is 
a  novel  adventure.  He  can  win  only  by  solving  a  puzzle 
that  is  somewhat  unlike  all  other  puzzles.  There  is  no 
known  method  of  solving  it — else  it  would  not  be  a  new 
puzzle.  He  must  show  ingenuity.  His  game  is  to  be 
won  by  originality.  The  opening  moves,  to  be  sure,  may 
have  to  be  followed  as  much  as  in  chess ;  but  beyond  a 
certain  stage  his  tactics  must  be  adapted  to  situations 
that  never  were  duplicated  before.  There  is  no  method 
of  winning  a  game  of  chess  or  of  natural  science.  The 
most  distinctive  trait  of  research  in  natural  science  is 
that  it  never  relies  upon  a  method.’’ 

5.  *^Method^^  as  a  Key  to  What  Science  Is 

I  am  well  aware  of  the  dangers  I  run  in  making 
such  a  sweeping  statement  about  method.  (1)  Very 
much  wiser  men  than  I  believe  in  scientific  method  as  if 
it  were  an  axiom ;  so  I  am  in  danger  of  being  rebuked 
by  them.  (2)  Natural  scientists  do  have  methods  for 
the  details  of  their  work ;  hence  they  may  deny  what  I 
appear  to  say.  (3)  I  may  misunderstand  w^hat  the  so- 
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cial  scientists  really  mean  in  their  anxiety  for  some 
general  method.  But  I  must  paint  the  thing  as  I  see  it, 
trusting  that  my  misconception  will  do  little  harm,  and 
confident  that  most  of  what  I  say  will  be  useful  to  non- 
scientific  readers.  I  shall  not  trust  to  logic,  but  shall 
offer  a  few  concrete  cases  in  evidence.  I  believe  that 
each  case  is  typical  of  the  usual  processes  of  science. 

a,  A  philosopher  of  the  University  of  Chicago, 
A.  E.  Burtt,  has  made  an  illuminating  examination  of 
the  method  of  science  in  his  Metaphysical  Foundations 
of  Modem  Physical  Science.  He  describes  with  acute 
understanding  the  work  of  Newton  and  his  predeces¬ 
sors,  in  order  to  disclose  their  method.  His  verdict  is 
that  they  had  no  method  worthy  of  the  name.  The 
moral  of  his  book  is  that  the  shocking  lack  of  method, 
even  in  so  strict  and  abstract  a  science  as  mathematics, 
is  a  reproach  to  philosophy.  Philosophy,  he  concludes, 
should  now  exert  itself  to  prepare  a  method  for  science. 
He  does  not  indicate  how  the  philosophers  can  go  about 
this  undertaking;  his  task  is  to  rouse  them  to  their 
duty.  He  does  not  indicate  that  any  science  to-day  has 
any  more  method  than  Newton  had — in  fact  his  whole 
purpose  is  to  display  the  horrible  truth  that  science 
has  never  had  much  method.  Most  natural  scientists 
agree  with  him  completely. 

h.  That  fine  old  leader  of  American  geologists. 
Professor  T.  C.  Chamberlin,  has  told  us,  in  The  Orign  of 
the  Earth,  the  story  of  how  he  happened  to  become  in¬ 
volved  in  the  study  of  the  beginnings  of  our  planetary 
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system — ^  ^  cosmogony.  ’  ^  He  was  so  entirely  un¬ 
methodical  that  he  just  happened  to  find  himself  wrest¬ 
ling  with  Laplace  ^s  Nebular  Hypothesis.  From  move 
to  move  in  his  game  of  reading  rocks  he  was  using  all 
the  ingenuity  he  had;  but  no  grand  strategy  revealed 
to  him  how  Dame  Nature  was  going  to  move.  When 
she  checked  him  he  had  to  get  out  of  check  as  best  he 
could.  When  he  attacked  her  he  was  perpetually 
astounded  by  the  baffling  way  in  which  she  countered. 
Professor  Chamberlin  could  never  understand  what  a 
general  ‘‘method’’  would  be  in  geology. 

I  cull  a  few  sentences  from  his  nine-page  introduc¬ 
tion: 

My  early  geologic  work  happened  to  fall  in  a  tract 
that  was  overlain  by  a  thick  mantle  of  glacial  drift  and 
underlain  by  the  sheeted  sediments  of  the  paleozoic 
seas.  .  .  .  How  ice  sheets  could  have  crept  so  far  south 
upon  the  low  plains  in  the  heart  of  our  continent  grew 
to  be  a  more  and  more  insistent  puzzle.  ...  New  theo¬ 
ries  were  sought  and  ridden  as  far  as  they  would  go. 
Among  the  rest,  an  old  suggestion  of  Tyndall’s  was 
saddled  up  and  mounted  with  little  thought  of  the  out¬ 
come,  and  this  proved  to  be  the  mount  that  was  to  carry 
me  into  the  fens  and  fogs  of  cosmogony.  ...  It  seemed 
to  me  worth  while  to  inquire  what  might  be  the  possible 
climatic  effects  of  secular  variations  in  the  constitu¬ 
ents  of  the  atmosphere. . . .  Back  of  this  search  for  var¬ 
iations,  it  was  of  course  important  to  inquire  what 
agencies  could  cause  such  variations.  . . .  WTien  the  in¬ 
quiry  was  pressed  still  farther  back,  and  support  for 
the  postulate  of  a  molten  globe  was  sought  in  the  crust 
itself,  it  was  not  forthcoming.  ...  It  was  thus  that  the 
trail  was  followed  back,  with  a  weakening  faith  in  the 
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inherited  theory,  till  the  borders  of  the  primitive  stage 
were  reached.  .  .  .  Could  the  earth  ever  have  had  the 
vast  hot  atmosphere  postulated?  . .  .  Strangely  enough, 
the  cold  trail  of  the  ice  invasion  had  led  by  this  long 
and  devious  path  into  the  nebulous  field  of  genesis. 

Professor  Chamberlin’s  investigation,  like  any 
other  that  I  ever  read  of,  was  a  case  of  ‘‘happen”  and 
“strangely  enough.”  He  was  scandalously  ignorant 
of  any  general  method  by  which  to  solve  a  mystery.  Yet 
he  came  to  grips  with  the  very  monarch  of  the  King¬ 
dom  of  Method,  The  Nebular  Hypothesis,  and  put  him 
to  rout.  Laplace,  by  a  beautifully  perfect  method,  had 
erected  a  perfectly  beautiful  theory.  But  it  was  wrong. 
Chamberlin,  ignorant  of  method,  stumbled  on  a  the¬ 
ory  that  is  more  likely  to  prove  correct. 

c.  Much  worse  still  is  the  condition  in  the  biologi¬ 
cal  sciences.  I  suppose  that  “methodology  of  your 
subject”  would  sound  as  much  like  gibberish  to  a  zool¬ 
ogist  as  “Cm  Mani  Padme  Hung”  would  sound  to 
Professor  Burtt.  If  you  will  read  de  Kruif ’s  glorious 
epic.  Microhm  Hunters,  you  will  find  how  unknown 
“method”  is  to  a  bacteriologist.  De  Kruif ’s  emphasis 
through  every  chapter  is  upon  the  “crazy”  and  “in¬ 
sane”  ways  in  which  these  soldiers  developed  tactics 
against  disease.  Though  all  the  devices  of  the  many 
battles  are  fully  recorded,  though  there  have  been 
many  similarities  in  the  enemies  and  the  ways  of  rout¬ 
ing  them,  still  every  microbe  hunter  to-day  is  working 
in  the  dark,  ‘  ‘  crazily,  ’  ’  without  any  logical  system.  If 
there  could  be  in  medicine  any  such  thing  as  a  method^ 
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why  should  the  Rockefeller  Institute  not  call  a  congress 
of  philosophers  and  enlist  their  aid  against  cancer? 
Cancer  is  a  foe  which  works  in  unknown  ways.  Even 
in  the  art  of  human  war — systematized  through  all  the 
centuries  and  reduced  to  a  chart  of  principles  by  hun¬ 
dreds  of  practical  soldiers — the  general  who  trusts  to 
a  book  of  method  is  incompetent.  Any  engagement 
may  be  lost  by  trusting  to  military  method ;  the  forlorn 
hope  may  always  be  realized  if  some  commander  can 
contrive  an  ingenious  maneuver.  Much  more  is  it  true 
that  there  is  no  schematized  ^‘method’’  for  the  war  of 
man’s  wit  against  forces  of  nature  that  are  never  twice 
the  same. 

These  metaphors  of  mine  may  be  poor  argument. 
Perhaps  I  stretch  a  partial  truth  too  far.  Possibly 
science  relies  on  general  strategy  far  more  than  I  real¬ 
ize.  But  suppose  the  worst  about  my  argument:  sup¬ 
pose  that  I  misconceive  and  misrepresent  the  case  for 
scientific  method.  Still  the  astonishing  fact  remains 
that  there  is  no  record  of  successful  methodology.  Why 
do  the  methodizers  not  point  out  a  few  cases  in  which 
a  Galileo  or  a  Huxley  or  a  Pasteur  or  a  Thomson  or  a 
Dalton  was  guided  by  a  method?  I  can  not  learn  of  a 
case,  can  not  even  imagine  a  case,  in  which  a  philoso¬ 
pher’s  plan  of  operations  ever  helped  toward  a  scien¬ 
tific  advance.  If  methodology  has  never  accomplished 
anything  in  the  past,  how  can  we  trust  it  for  the  future  ? 

If  there  is  any  possibility  that  Professor  Burtt’s 
plan  for  helping  science  is  based  on  reality,  he  must 
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approach  the  short-sighted  scientists  another  way.  He 
must  appeal  to  their  limited  intellects  by  showing  them 
some  record  of  achievement.  Until  such  a  record  is 
published,  the  natural  scientists  will  continue  to  sup¬ 
pose  that  any  one  who  talks  of  ‘‘method’’  is  not  a  scien¬ 
tist.  At  present,  they  suppose,  the  learned  world  is 
divided  sharply  into  two  squads :  the  men  who  go  round 
and  round  in  a  mental  swamp  of  method,  the  men  who 
slowly  and  illogically  hack  out  a  path  by  chopping 
down  one  fact  after  another. 

There  is  one  supposed  triumph  of  method  which 
fascinates  every  philosophical  mind — evolution.  No 
subject  discussed  in  the  twentieth  century  is  so  en¬ 
trancing,  so  splendid,  or  so  bewildering  as  this.  Evolu¬ 
tion  is  conceived  by  philosophers  to  be  a  grand  guid¬ 
ing  principle  for  all  mental  efforts ;  by  social  scientists 
it  is  yearningly  regarded  as  a  universal  engine  for 
achieving  scientific  results ;  by  many  natural  scientists 
it  is  supposed  to  be  a  valid  formula  to  direct  research. 
If  ever  there  can  be  a  logical  methodology  of  scientific 
procedure,  the  best  hope  for  a  beginning  lies  here. 

But  I  can  not  learn  from  the  history  of  evolution 
that  it  offers  the  least  encouragement  to  methodizers. 
It  was  a  mere  hypothesis,  grotesquely  wrong  in  details, 
so  long  as  it  was  the  property  of  methodizers.  It  was 
established  by  a  man  who  had  no  ability  in  philosophy, 
who  groped  through  a  wilderness  of  uncouth  facts  for 
twenty  years  until  one  day  “whilst  in  my  carriage,  to 
my  joy,  the  solution  occurred  to  me.”  This  solution 
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that  ‘^occurred’’  has  probably  had  more  influence  on 
thought  than  all  the  reasoned  volumes  of  philosophy 
have  had.  It  has,  indeed,  furnished  the  very  stuff  of 
a  large  part  of  the  plans  of  methodizers.  It  is  the 
Mecca  of  all  would-be  sciences. 

But  what  has  evolution  accomplished  outside  of 
biology?  In  the  brain  of  Herbert  Spencer  it  bred 
false  assumptions  about  heredity  and  progress  and  the 
nature  of  society;  nor  can  I  discover  that  any  later 
philosopher  has  been  advantaged  by  it.  In  the  hands 
of  Schleicher  it  bade  fair  to  wreck  philology.  It  has  fur¬ 
nished  no  aid  to  any  natural  science  that  is  not  con¬ 
cerned  with  organic  life.  Many  good  reasoners  are 
convinced  that  evolution  will  do  nothing  but  harm  if  it 
is  lugged  into  the  social  sciences.  Indeed  the  dread  of 
evolution  has  now  spread  so  far  that  some  keen  critics 
of  method  consider  it  a  dogma  and  a  superstition. 
Every  year  it  becomes  more  apparent  that  evolution  is 
a  restricted  theory,  applying  only  to  plants  and  ani¬ 
mals;  and  that  even  in  this  field  its  causes  and  pro¬ 
cesses  are  not  surely  known.  It  seems  more  and  more 
likely  that  evolution,  if  applied  in  history  or  economics 
or  sociology,  will  prove  a  sheer  dogma  and  illusion.  It 
is  highly  probable  that  ‘‘the  evolutionary  method,’’  ac¬ 
claimed  so  fervently  ten  years  ago,  will  prove  to  be 
nothing  but  a  mirage  if  the  social  sciences  insist  on 
crossing  a  desert  of  logic  to  drink  of  it. 

Another  supposed  reason  for  trusting  method  is 
the  success  of  relativity.  This  theory  is  thought  to  be 
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based  on  metaphysics,  to  have  ‘^overthrown’’  physics, 
to  be  composed  of  pure  reason,  to  have  resulted  from 
some  mathematical  super-logic,  not  to  have  been 
reached  by  the  rule-of-thumb  on  which  natural  science 
has  to  rely.  But  the  history  of  Einstein’s  labor  seems 
to  be  very  similar  to  the  story  of  how  Chamberlin  ar¬ 
rived  at  a  Planetesimal  Hypothesis.  Einstein  went  to 
puzzling  about  a  strange  and  unwelcome  fact  reported 
from  America — to  wit,  that  the  speed  of  light  is  inde¬ 
pendent  of  the  speed  of  a  body  that  emits  it.  Einstein 
said  to  himself:  “If  the  American  experimenters  are 
correct  in  their  observation,  what  conditions  of  matter 
and  motion  would  account  for  their  observation?”  He 
was  curious  about  a  puzzle.  He  devised  an  ingenious 
way  of  solving  it.  Then,  like  Chamberlin,  he  found  a 
road  of  which  he  had  never  dreamed  to  a  result  for 
which  he  had  never  planned. 

I  am  not  putting  any  trust  in  my  power  to  reason 
correctly  about  evolution  and  relativity.  The  previous 
two  paragraphs  are  not  concocted  from  my  small  store 
of  knowledge.  They  are  reports  of  what  many  compe¬ 
tent  men  think  about  these  greatest  examples  of  sup¬ 
posed  method  in  science.  When  I  weigh  their  state¬ 
ment  of  the  case  against  the  logic  of  methodizers,  I  lose 
trust  in  method.  My  readers  will  not  suppose  that  my 
opinion  has  any  value  in  itself.  They  will  understand 
that  a  warning  has  been  posted  against  any  easy  faith 
in  method,  but  that  they  are  invited  to  examine  the  evi¬ 
dence  for  themselves. 
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6,  What  Will  Science  Be  To-morrow? 

We  have  seen  what  science  was  yesterday.  It  was 
any  body  of  lore  that  had  been  put  together  systemat¬ 
ically,  any  system  of  thoughts  about  God,  or  morals,  or 
the  soul,  or  ‘^The  State, or  ‘‘value,’’  or  the  nature  of 
knowledge,  or  the  categories  of  logic — any  orderly 
scheme  of  doctrine  was  entitled  to  be  called  a  science. 

We  have  seen  what  science  is  to-day:  a  group  of  so- 
called  “natural  sciences”  and  a  group  of  subjects 
which  are  self-distrustfully  trying  to  cultivate  the  sup¬ 
posed  merits  of  the  natural  sciences. 

We  are  now  inquiring  what  is  likely  to  be  the  stand¬ 
ard  definition  of  science  to-morrow.  All  signs  I  can 
observe  indicate  that  the  breach  between  the  two  pres¬ 
ent  groups  is  widening  rapidly.*'  The  name  “science” 
is  being  limited  to  the  natural  sciences  or  to  subjects 
that  can  learn  to  behave  like  a  natural  science.  For  ex¬ 
ample,  the  economics  of  twenty  years  ago  is  not  con¬ 
sidered  to  be  a  real  science  by  many  economists  of  to¬ 
day;  they  do  not  expect  their  subject  to  be  classed  as  a 
science  until  they  learn  to  work  like  chemists  or  geolo¬ 
gists.  The  same  statement  may  be  true  (though  there 
is  doubt)  about  pedagogics  and  sociology.  The  state¬ 
ment  does  not  apply  to  philosophy  (with  its  entourage 
of  metaphysics,  logic,  etc.),  to  ethics,  or  to  religion. 
Most  men  who  profess  these  three  subjects  would  con¬ 
sider  it  a  degradation  to  be  classed  as  scientists. 

*E.  g.,  the  new  curriculum  of  Smith  College  classifies  all  subjects  in 
four  groups,  of  which  group  three  is  “sciences”  and  group  four  is  “social 
sciences.” 
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The  tendency  of  every  branch  of  knowledge  seems 
unmistakable :  to  become  a  natural  science  or  to  cease 
to  be  any  kind  of  science.  In  fact  the  tendency  has  al¬ 
ready  progressed  so  far  that  the  word  science,”  pro¬ 
nounced,  before  an  audience  of  educated  people  nowa¬ 
days,  only  vaguely  suggests  the  social  sciences ;  if  it  is 
not  defined  or  challenged,  its  principal  meaning  is  nat¬ 
ural  science. 

The  queer  status  of  psychology  will  introduce  and 
illustrate  all  that  I  have  to  say  in  defining  the  science 
of  to-morrow.  Psychology  is  generally  esteemed  to  be 
the  most  brilliant  and  valuable  of  the  natural  sciences ; 
many  professors  think  that  this  esteem  is  well  founded. 
But  the  behaviorists  and  many  natural  scientists  con¬ 
sider  that  all  psychology  except  behaviorism  is  a  mere 
system  of  speculation.  One  reason  for  the  severe  judg¬ 
ment  will  appear  if  we  ask,  ^^What  does  psychology 
say  about  the  freedom  of  the  will!”  Does  that  sound 
like  scholastic  quibbling!  It  is  utterly  practical.  It 
gives  the  clue  to  the  definition  of  science  in  1940. 

We  all  go  through  our  day’s  work  on  the  supposi¬ 
tion  that  our  wills  are  free — that  at  any  moment  we 
can  decide  to  do  or  not  to  do  a  given  act.  Unless  I  as¬ 
sume  that  my  will  is  free,  I  can  not  make  a  business  de¬ 
cision.  If  my  will  is  not  free,  I  can  not  do  an  immoral 
act — since  I  am  just  a  mechanism  which  has  to  go 
through  motions  that  are  preordained  as  much  as  sun¬ 
sets  and  earthquakes.  I  can  not  reproach  myself  for 
laziness  or  take  satisfaction  in  trying  to  be  generous  if 
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my  will  is  not  free.  I  am  an  automaton,  just  as  much 
as  a  molecule  of  gasoline,  if  my  will  is  not  free.  One 
of  the  greatest  of  the  older  psychologists,  V^illiam 
James,  argued  that  the  will  is  free.  No  modern  psy¬ 
chologist  who  wants  to  guide  business  men  and  soci¬ 
ologists  would  dare  to  deny  (at  least  in  public)  that  the 
will  is  free.  I  doubt  whether  one  college  graduate  in  a 
thousand  truly  and  fully  believes  that  he  is  not  a  free 
agent — free  to  resolve  whether  he  will  or  will  not 
choose  a  certain  course  of  action. 

It  is  not  possible  for  any  one  but  a  behaviorist  to 
see  how  even  the  aggressive  leader  of  behaviorism, 
John  B.  Watson,  has  detached  himself  from  the  as¬ 
sumption  that  we  have  free  wills.  He  renounces  a  be¬ 
lief  in  every  apparatus  through  which  a  will  might 
work.  He  says  that  science  ‘‘can  not  discover  any  ob¬ 
jective  evidence  for  the  existence  of  mind  or  conscious¬ 
ness’^;  he  declares  that  “to  know  w^hat  is  ‘good’  or 
‘bad’  for  the  human  organism  is  beyond  us  at  pres¬ 
ent”;  he  says  impressively,  in  italics ;  “7/  ‘mind^  acts 
on  hody,  then  all  physical  laivs  are  invalid/^  Yet  when 
he  concluded  a  course  of  twelve  lectures  in  1924  he  used 
these  expressions:  “Even  we  ‘normal  ones’  find  that 
making  these  changes  in  our  personality  is  no  easy 
task. . .  .It  is  difficult  to  unlearn  a  vast  system  of  old 
habits  before  you  can  begin  to  put  on  the  new.  And 
yet  this  is  what  the  individual  faces  who  wants  a  new 
personality.  No  quack  can  do  it  for  you,  no  corre¬ 
spondence  school  can  safely  guide  you.”  I  should  like 
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to  know  what  proportion  of  natural  scientists  could 
make  sense  out  of  those  words  unless  they  understood 
them  to  mean  that  ive  must  exercise  our  wilt  power, 

I  am  not  trying  to  show  that  Watson  contradicts 
himself — heavens,  no!  He  merely  dropped  into  our 
common  vernacular  for  a  few  minutes  so  that  students 
could  understand  him.  What  I  am  showing  is  that  in 
psychology,  if  it  is  a  natural  science,  there  can  not  be 
any  free  will.  It  is  obviously  true  that  no  natural  sci¬ 
ence  can  deal  with  a  free  will.  It  is  unquestionably 
true  that  if  any  such  power  as  ‘^mind^^  or  ‘‘wilP’  acts 
on  the  matter  of  our  bodies,  then  natural  science  stops 
at  that  boundary.  Any  investigation  beyond  the  bound¬ 
ary  must  be  outside  the  province  of  natural  science. 
This  is  not  a  dictum  of  the  behaviorists.  It  is  an  an¬ 
cient  truism,  accepted  as  obvious  by  every  natural 
scientist. 

The  least  reflection  will  prove  that  Watson’s  state¬ 
ment  is  a  truism.  For  natural  science  deals  only  with 
fixed,  invariable,  mechanical  laws.  So  far  as  the  hu¬ 
man  personality  is  a  mechanism — ^working  automat¬ 
ically  by  the  laws  of  physics,  like  a  locomotive — nat¬ 
ural  science  can  classify  and  measure  the  transfer  of 
energy  within  it.  But  natural  science  would  deny  its 
own  nature  if  it  undertook  to  measure  any  force  that 
is  ^Hree”  from  mechanical  necessity.  If  the  power  of 
the  will  could  be  measured  and  its  action  predicted,  it 
would  not  be  free.  And  natural  science  is,  by  its  very 
nature,  restricted  to  a  field  of  phenomena  that  can  be 
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measured  and  predicted.  The  distinction  is  absolute. 
The  dilemma  is  inescapable.  Natural  science  is  not 
able,  and  never  can  be  able,  to  deal  with  a  free  will. 

Now  you  see  before  you  the  straight  and  narrow 
way  within  which  the  science  of  the  future  has  confined 
itself.  Science  is  now,  and  must  increasingly  become, 
a  limited  field  of  endeavor.  Its  materials  are  only 
those  forces  which  can  be  measured  and  predicted  with 
precision  by  all  experimenters  alike.  If  there  exists  in 
man  a  free  will,  a  conscience,  a  power  of  self-sacrifice, 
a  social  mind,’^  or  a  ^‘consciousness  of  kind,’'  these 
forces  are  beyond  the  pale  of  science.  If  one  of  them 
is  ever  brought  within  the  pale,  it  will  at  that  moment 
be  proved  mechanical,  and  the  mind  will  be  proved  to 
be  more  nearly  an  automaton. 

The  science  of  to-morrow,  therefore,  can  not  include 
any  such  forces  as  we  commonly  conceive  at  present 
when  we  use  the  words  “mind”  or  “soul”  or  “will” 
or  “purpose.”  It  can  not  tell  us  what  we  “ought”  to 
do  or  why  a  course  of  action  is  “good”  or  what  the 
“value”  of  a  reform  is.  For  all  such  conceptions  of 
duty  and  worth — as  we  now  understand  them — are 
based  upon  ideas  of  some  forces  that  are  not  automatic. 

Science  of  the  future  will  use  logic  in  its  struc¬ 
ture,  but  it  can  not  have  a  foundation  of  logic,  because 
logic  is  just  a  process  in  the  non-automatic  mind.  Sci¬ 
ence  can  not  rely  on  a  process  of  “reasoning  out”  a 
system — not  even  by  the  strict  formulas  of  mathema- 
tics—but  mil  trust  entirely  to  verifying  any  thought  or 
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calculation  by  experiment.  Science  can  not  yield  to 
fears  or  hopes,  but  must  be  actuated  solely  by  a  curi¬ 
osity  about  the  operation  of  mechanical  laws. 

Shall  we  say  that  this  is  a  dreadful  prospect !  I  do 
not  see  why  we  should.  It  reveals  science  as  staying 
where  it  belongs.  Science  will  no  longer  invade  reli¬ 
gion  or  philosophy.  So  far  as  religion  and  philosophy 
are  now  materialistic,  they  are  poaching  in  the  domain 
of  science ;  in  the  future  they  will  be  purged.  So  far 
as  they  can  disclose  realities  that  are  above  and  beyond 
natural  law,  they  will  be  free  in  their  own  pure  ether, 
not  weighed  down  with  the  dross  of  materialism. 

Shall  we  say  that  the  prospect  for  science  is  glori¬ 
ous?  I  see  only  one  reason  for  thinking  so:  science 
will  limit  itself  to  its  own  proper  business,  will  not  as¬ 
sume  to  fly  in  the  ether,  and  will  be  a  more  useful 
servant  to  civilization. 

7.  What  the  Social  Sciences  May  Be  To-morrow 

Nothing  is  more  creditable  to  the  human  intellect 
than  the  way  in  which  the  social  scientists  have  recent¬ 
ly  berated  themselves,  ridiculed  themselves  for  being 
unscientific,  and  cast  about  for  a  way  of  imitating  the 
natural  sciences.  In  so  doing  they  are,  of  course,  low¬ 
ering  their  status.  They  would  have  to  become  drudges, 
like  cytologists  and  crystallographers.  But  their  new 
status  would  be  much  more  secure.  At  present  they 
are  under  the  suspicion  of  relying  upon  logic  and  fond 
hopes.  If  they  can  transmute  themselves,  they  will  be 
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respected  as  honest-to-goodness,  hard-headed  grubbers 
for  facts. 

It  is  interesting  to  speculate  a  few  minutes  on  what 
the  work  of  a  natural  scientist  would  be  in  some  of  the 
social  fields. 

Pedagogics,  A  natural  scientist,  if  put  to  work  in 
this  field,  would  have  to  investigate  what  teaching  is. 
It  is  doubted  by  many  successful  teachers  whether  any 
of  the  present  authorities  on  ‘‘Education’’  have  any 
knowledge  of  the  actual  basic  facts  of  the  class-room 
procedure  of  good  teachers.  The  new  pedagogics  could 
not  pronounce  general  principles  from  a  seat  of  au¬ 
thority,  but  would  have  to  compile  the  facts  of  educa¬ 
tion — that  is,  the  processes  of  the  class-room.  In  a 
natural  science  it  would  not  be  conceivable  that  an 
investigator  could  promulgate  laws  from  his  own  cogi¬ 
tations;  he  would  have  to  be  a  mere  reporter  of  the 
startling,  uncouth,  stubborn,  illogical  facts  of  the  actual 
operations  of  personalities  upon  other  personalities  in 
rooms  that  are  equipped  with  desks  and  blackboards. 
The  facts  are  as  disturbing  as  the  facts  about  sharks 
and  humming-birds.  Could  a  natural  scientist  ever  be 
skilful  enough  to  analyze  and  classify  these  acts  of 
personality?  Could  he  ever  free  himself  from  the  vul¬ 
gar  and  unverifiable  beliefs  in  mind  and  will?  Per¬ 
haps  a  natural  science  of  education  would  have  to  be¬ 
gin  by  training  itself  in  the  far  easier  puzzles  of  how  a 
salesman  sells  and  how  a  comedian  amuses. 
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Political  Science.  No  natural  scientist  could  begin 
with  such  a  notion  as  ‘^The  State’’  and  proceed  to  rea¬ 
son  about  it.  No,  he  would  have  to  begin  by  observing 
how  several  hundred  societies  have  governed  them¬ 
selves.  After  a  long  preliminary  survey  he  could  be¬ 
gin  very  cautiously  to  classify  the  observed  facts.  If 
no  State”  appeared  out  of  the  facts,  a  natural  scien¬ 
tist  would  not  be  worried  in  the  least.  He  would  simply 
be  more  curious  to  solve  small  puzzles  like  these :  How 
does  a  ruler  get  authority?  Hoes  a  medicine-man  be¬ 
lieve  in  his  own  ritual?  Why  was  Harding  respected? 

Economics.  A  natural  scientist  could  not  deal  with 
‘‘price”  and  “margin  of  utility”  and  “value,”  be¬ 
cause  these  are  generalizations  which  are  concocted  in 
the  kettle  commonly  known  as  the  “mind,”  but  not 
known  at  all  to  science.  A  natural  scientist  would  have 
to  begin  with  some  very  slight,  concrete,  humdrum 
question.  His  curiosity  would  have  to  be  roused.  He 
would,  have  to  feel  nettled  by  a  puzzle.  For  example, 
he  might  have  bought  a  lot  in  Baltimore  in  1919  and 
might  have  found  that  in  1924  it  was  worth  only  ninety 
per  cent,  of  what  he  paid  for  it.  He  would  be  curious 
to  know  why  the  value — no,  the  mind  of  a  scientist  does 
not  work  that  way.  He  would  never  start  with  an  ab¬ 
straction  like  “value.”  He  would  be  curious  to  know- 
why  he  could  not  sell  for  more  than  nine  hundred  dol¬ 
lars  a  lot  which  cost  one  thousand  dollars. 

To  an  economist  of  the  old  school  the  inquiry  would 
seem  too  piddling  for  notice.  It  would  not  be  dignified, 
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not  intellectual,  would  win  no  fame,  would  not  result  in 
a  profound  treatise.  But  it  is  just  the  sort  of  investiga¬ 
tion  that  Darwin  engaged  in  when  he  studied  barnacles 
for  eight  years,  and  that  Chamberlin  was  involved  in 
when  he  began  to  study  certain  little  scratches  on  some 
old  rocks.  Economics  has  come,  like  a  Nicodemus,  to 
natural  science  and  has  asked,  ‘‘What  must  I  do  to  be 
saved?”  Natural  science  has  replied,  “Chuck  all  your 
profundity  overboard;  excite  yourself  about  some 
small  and  absolutely  concrete  puzzle.”  Will  economics 
turn  away  sorrowful?  Can  it  possibly  follow  such 
heart-breaking  advice  ? 

No  one  has  ever  listed  the  swarm  of  guesses  and 
fears  and  silly  pride  that  have  operated  in  thousands 
of  “minds”  to  produce  a  price — or  value,  or  whatever 
it  is — of  any  given  bit  of  real  estate.  The  puzzle  is 
probably  insoluble.  But  until  it  is  solved,  and  then 
many  more  of  the  same  sort  solved,,  there  will  never  be 
any  scientific  understanding  of  “value.”  And  there 
can  be  no  natural  science  of  economics  until  investigat¬ 
ors  learn  what  “value”  is.  Follow  through  the  series 
of  dictionary  definitions  and  see  if  you  can  discover  the 
way  in  which  economics  can  become  a  natural  science : 
Economics  is  the  science  of  wealth;  wealth  is  valuable 
material  possessions;  valuable  means  having  value; 
value  means  the  property  of  a  thing  in  virtue  of  which 
it  is  estimable;  estimable  means  worthy  of  esteem; 
esteem  means  favorable  opinion  formed  upon  a  belief 
in  the  merit  of  its  object.  But  opinion  and  belief  are 
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just  operations  of  that  which  is  either  non¬ 

existent  or  is  beyond  natural  law.  Would  not  eco¬ 
nomics,  if  it  ever  became  a  natural  science,  have  to  find 
a  new  subject-matter! 

Sociology.  A  natural  scientist  could  not  know 
what  we  ^  ‘  ought  to  do  about  tenements,  for  ^  ^  ought 
is  a  product  of  that  metaphysical  somewhat  that  is  be¬ 
yond  psychology.  Until  some  natural  science  of  psy¬ 
chology  has  discovered  and  mapped  the  realm  of  con¬ 
sciousness  that  is  purely  mechanical,  no  natural  science 
of  sociology  will  have  any  data  to  work  with.  All  such 
qualities  as  ‘^selfishness”  and  “liberality”  are  un¬ 
known  to  any  natural  science  that  now  exists.  The  field 
of  any  natural  science  of  sociology  would  have  to  be 
limited  to  undisputed  facts  of  observation.  As  yet  no 
definition  of  “justice”  or  “right”  or  “progress”  has 
been  agreed  upon — no,  not  even  among  non-scientific 
reasoners.  Any  present  sociologist  would  shudder  if 
he  had  to  face  the  bleak  world  of  the  only  materials 
that  natural  science  can  yet  afford  him  to  work  with — 
stimuli,  responses,  struggle  for  existence,  rainfall,  in¬ 
dustrial  statistics,  etc.,  etc.  Even  these  are  dubious, 
not  comparable  with  the  materials  of  physics.  Where 
would  the  new  sociology  begin!  Could  a  sociologist 
live  on  such  materials! 

I  can  not  imagine  what  the  social  sciences  will  be 
like  if  they  become  materialistic.  I  can  not  imagine 
that  they  have  much  of  a  future  if  they  remain  impres- 
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sionistic  or  logical.  Their  development  in  the  next 
decade  will  be  the  most  entertaining  spectacle  in  the 
intellectual  world. 


XII 

A  GLANCE  TOWARD  RELATIVITY 

Mathematics  Peers  Beyond  Our  Senses 

Relativity  is  probably  the  farthest  reach  that  the 
human  mind  has  made  into  the  unknown,  yet  it  may 
possibly  be  a  mistake.  The  mathematics  of  relativity 
has  been  challenged  as  a  feeble  error  in  logic,  but  is 
considered  undeniably  true  by  some  philosophers  who 
are  eminent  mathematicians.  It  is  commonly  thought 
of  as  metaphysical,  but  is  based  on  an  observation  and 
can  only  be  proved  or  disproved  by  other  observations. 
It  is  so  mathematical  that  only  a  few  hundred  men  in 
the  world  are  competent  to  discuss  it,  and  even  they 
can  form  no  mental  image  which  corresponds  with  the 
results  of  their  calculations.  Hence  it  might  be  wise  in 
a  picture-book  like  mine  to  let  the  subject  alone — espe¬ 
cially  since  I  am  not  a  mathematician  and  have  only  a 
slight  and  amateurish  conception  of  the  theory. 

But  some  of  my  readers  would  like  a  chapter  that 
shows  what  the  discussion  is  all  about,  a  sketch  that 
would  prepare  them  to  read  one  of  the  small  volumes  of 
popular  exposition  which  have  been  published  so  copi¬ 
ously  during  the  past  five  years. 

One  objection  lies  against  all  the  books  and  articles 
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I  have  seen :  they  do  not  begin  at  the  beginning,  but  con¬ 
cern  themselves,  for  the  most  part,  with  the  strange  re¬ 
sults  of  some  abstruse  mathematics.  For  example,  one 
interpretation  of  a  mathematical  equation  is  that  time 
varies  with  speed;  hence  it  would  appear  that  if  a  per¬ 
fectly  accurate  clock  traveled  with  the  velocity  of  light 
it  would  not  show  that  any  time  had  elapsed.  This  does 
not  mean  to  a  mathematician  that  the  clock  would  be 
stopped  or  interfered  with,  but  that  no  time  would 
elapse  on  a  body  which  traveled  with  the  speed  of  light ; 
time,  as  we  know  it,  could  not  exist  in  a  space  that  moves 
so  rapidly.  Now,  that  is  not  nonsense ;  I  hope  that  by 
the  time  you  have  reached  the  end  of  this  chapter  you 
can  accept  it  quite  calmly,  as  an  interesting  probability. 
But  such  an  unimaginable  result  is  a  mere  whirligig  of 
reason  at  the  beginning  of  an  effort  to  understand 
what  relativity  is  all  about.  It  belongs,  as  a  mere 
fantastic  ornament,  at  the  end  of  a  discussion — or  just 
beyond  the  end. 

What  people  want  to  know  is  the  very  matter-of- 
fact,  common-sense  line  of  reasoning  that  precedes  all 
the  comical  possibilities. 

Eelativity  is  severely  matter-of-fact  in  its  begin¬ 
nings.  The  corollaries  at  the  end  of  its  road  are  not  its 
real  substance.  So,  in  order  to  make  sure  of  the  be¬ 
ginning  of  this  remarkable  road  that  the  mathemati¬ 
cians  have  opened,  we  must  commence  by  describing 
two  facts  which  we  all  suppose  w^e  know,  but  which 
none  of  us  have  ever  taken  fully  into  account.  These 
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are:  (1)  our  utter  ignorance  of  the  universe;  (2)  the 
power  of  mathematics. 

1,  We  Know  Nothing 

The  first  fact  is  that  everything  we  see  and  every 
thought  we  have  are  pure  assumptions  about  an  utterly 
unknown  universe  in  which  we  find  ourselves.  This  is  a 
commonplace.  V7e  have  all  heard  it  so  often  that  we 
yawn  when  any  one  repeats  it.  We  grow  so  used  to  our 
assumptions  about  time  and  matter  and  motion  and 
weight  that  the  assumptions  come  to  seem  realties.  We 
agree  readily  enough  that  we  do  not  understand  the  na¬ 
ture  of  ^‘time’’;  but,  all  the  same,  we  are  unconsciously 
assuming  that  we  do  have  a  working  knowledge  of  it ;  we 
suppose,  for  instance,  that  we  know  the  difference  be¬ 
tween  ^  ^  time  ’  ^  and  ‘  ‘  space.  ’  ’  Test  yourself  by  noticing 
how  you  feel  about  the  following  statement:  ‘‘Time  is 
slower  in  a  moving  automobile  than  in  an  automobile 
which  is  standing  still.’’  The  statement  does  not  mean 
that  time  seems  slower  or  that  a  watch  is  retarded ;  it 
means  that  the  actual  progress  of  time  is  slower — that, 
for  example,  you  grow  old  less  rapidly  when  your  car 
goes  forty  miles  an  hour  than  when  it  is  stopped.  Our 
mind  can  not  entertain  this  new  idea.  We  are  so  accus¬ 
tomed  to  the  opposite  idea  that,  try  as  we  may,  we  can 
not  accept  the  new  one.  We  have  always  lived  by  the 
assumption  that  there  is  a  universal  and  undeviating 
flow  of  time,  a  kind  of  current  in  which  all  things  and 
events  are  propelled  to  a  new  place  in  history  at  a  uni¬ 
form  rate.  To  talk  of  time  as  “standing  still”  or  as 
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‘Agoing  faster^’  is  to  use  words  that  have  a  possible 
meaning,  if  we  think  of  time  as  a  current;  but  to  talk 
of  ^Hime  going  more  slowly  because  a  car  moves 
faster  is  to  say  words  that  have  no  meaning  what¬ 
ever.  We  can  not  conceive  of  time  as  depending  upon 
motion. 

I  have  said  that  we  represent  time  to  ourselves  as  a 
sort  of  current.  Any  one  will  be  better  prepared  to  ap¬ 
proach  the  subject  of  relativity  if  he  will  devote  an 
hour  to  trying  to  form  some  mental  picture  of  the 
^‘stream  of  time.’’  We  can  represent  everything  that 
exists  in  the  universe  as  being  overtaken  slowly  and 
uniformly  by  some  force  which  hardens  all  the  motions 
of  things — that  is,  all  events ;  as  fast  as  this  force  over¬ 
takes  events,  they  become  the  solid  facts  of  history ;  no 
conceivable  power  can  penetrate  that  adamantine  past 
and  alter  the  fact  that  the  events  happened;  the  present 
is  fluid,  forming  into  the  adamant  of  the  past ;  the  fu¬ 
ture  is  nebulous  and  undiscernible,  a  region  toward 
which  the  hardening  force  is  always  progressing,  and 
which  is  perpetually  being  converted  into  the  solidified 
past.  That  is  one  of  my  own  fancies,  offered  to  start 
you  making  a  couple  of  fancies  of  your  own.  Try  the 
game.  It  is  well  worth  while. 

Not  that  we  learn  anything  about  the  nature  of  time 
— far  from  it.  For  you  don’t  see  what  I  mean  by  my 
fancy,  and  no  one  will  ever  be  interested  in  yours.  But 
we  learn  that  we  have  not  the  slightest  conception 
of  what  time  is,  that  we  can  not  describe  it  by 
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any  metaphor.  All  the  philosophers  and  mathe¬ 
maticians  have  failed  as  completely  as  we.  Eead  a  dic¬ 
tionary  discussion  of  time  and  see  how  your  head 
swims.  The  greatest  intellects  have  had  no  more  un¬ 
derstanding  of  time  than  you  and  I  can  attain. 

Our  minds  have  grown  accustomed  to  think  of 
^^time’’  as  one  of  the  independent  elements  in  every 
event.  We  think  of  ‘^matter”  as  another  element  in 
any  event — for  there  must  be  some  tangible  bodies 
present  if  we  are  to  be  conscious  of  anything  happen¬ 
ing.  Also  we  have  grown  used  to  ‘‘space’’  as  a  neces¬ 
sity  for  any  event — things  can  not  happen  without 
some  “room”  in  which  to  happen.  And  of  course  there 
must  be  “motion” — something  must  move,  during 
some  portion  of  time,  in  some  space.  These  four  ele¬ 
ments  are  all  separate  in  our  minds ;  we  can  not  imagine 
that  one  of  them  could  depend  on  another  or  be  con¬ 
verted  into  another.  Our  ways  of  thinking  have  be¬ 
come  petrified  in  these  four  molds.  We  can  not  by  the 
utmost  exertion  make  our  modes  of  thought  fluid  and 
conceive  time  as  a  phase  of  motion  or  space  as  one  as¬ 
pect  of  matter. 

Most  educated  people  are  aware  of  our  utter  ignor¬ 
ance  of  the  nature  of  time.  Most  of  us,  nevertheless, 
assume  that  in  one  way  we  have  some  guarantee  of  the 
reality  of  our  notions  about  it.  We  assume  that,  if  our 
minds  perceive  time,  there  must  be  something  like  time 
in  the  universe.  No  metaphysician  can  dispute  the 
logic  of  this.  But  it  is  equally  good  logic  to  say  that 
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our  queer  ways  of  perceiving  have  nothing  to  do  with 
the  case,  prove  nothing  whatever.  It  is  quite  as  likely 
that  our  notions  of  time,  space,  etc.,  are  nothing  but 
the  impressions  which  some  one  force  makes  on  our 
dull  little  set  of  nerves.  Huxley  once  stated  the  whole 
great  truth  thus:  ‘‘All  that  we  know  about  motion  is 
that  it  is  a  name  for  certain  changes  in  the  relations  of 
our  sensations.’’  So  it  may  be  said  of  time  and  space 
and  all  our  ways  of  perceiving  that  they  are  merely 
names  for  the  sensations  we  feel.  They  furnish  no  as¬ 
surance  about  the  nature  of  what  produces  the  sensa¬ 
tions. 

I  have  promised  to  be  matter-of-fact.  For  fear  that 
I  have  seemed  philosophical  I  will  now  give  three  illus¬ 
trations  of  how  science  has  shown  that  our  sensations 
and  our  logic  about  them  prove  nothing  as  to  the  nature 
of  the  universe. 

a.  Through  all  the  thousands  of  years  that  the  hu¬ 
man  intellect  has  observed  and  reasoned  about  the 
universe  the  conclusion  has  been  that  nature  is  every¬ 
where  permeated  by  personality.  When  the  caveman 
argued  that  there  was  a  devil  in  the  stone  or  a  good 
spirit  in  a  tree,  he  was  using  faultless  logic.  His 
senses  showed  him  erratic  happenings  in  nature,  and 
his  reason  was  forced  to  the  conclusion  that  some  indi¬ 
viduals  caused  the  happenings.  A  flood,  a  tumbling 
stone  that  killed  a  man,  a  drouth,  a  lucky  catch  of  fish, 
an  eclipse — all  were  inexplicable  except  as  the  result  of 
the  anger  or  favor  of  some  individuals.  Even  now 
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mankind  can  not  get  away  from  the  necessity  of  per¬ 
sonal  forces  in  nature ;  most  scientists  believe  that  the 
human  will  or  soul  is  a  spirit  independent  of  natural 
law;  some  biologists  argue  for  a  non-mechanical  force 
in  organisms.  If  we  ask,  ^  ^  V^hat  lies  behind  all  nature  ?  ^  ’ 
we  can  not  arrive  at  any  logical  answer  except,  An  In¬ 
telligence  of  some  sort.^’  We  may  deny  that  our  logic 
proves  anything;  but,  if  we  appeal  to  logic,  we  can 
reach  no  other  verdict.  The  conception  of  some  free 
agent  seems  an  inescapable  one  and  still  dominates  our 
thoughts.  But,  in  spite  of  the  power  of  this  preconcep¬ 
tion,  we  have  to  some  extent  overcome  it.  We  are  now 
able  to  conceive  that  throughout  large  parts  of  the 
realm  of  nature  there  is  no  personality.  The  ancient 
and  overmastering  habit  of  mind  has  given  way  to  a 
notion — formerly  inconceivable— that  some  forces  may 
be  independent  of  any  personality.  We  can  think  of 
tides  and  stars  as  moving  without  guidance  from  a 
spirit;  we  can  even  suspect  that  drouths  and  train 
wrecks  are  caused  by  mechanical  laws.  This  is  the 
greatest  revulsion  that  ever  occurred  in  human 
thought — far  greater  than  anything  which  Einstein 
requires. 

h.  Matter,  as  we  saw  in  Chapter  IV,  is  now  con¬ 
ceived  to  be  only  an  aggregation  of  forces.  The  hu¬ 
man  race  has  had  a  concrete  demonstration  that 
force”  and  ‘^matter”  may  be  merely  names  for  cer¬ 
tain  differences  in  our  sensations.  This  revulsion  is 
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quite  as  great  as  any  required  by  the  theory  of  rela¬ 
tivity. 

c.  Newton,  they  tell  us,  once  felt  an  apple  fall  on 
him  and  straightway  made  up  a  parable  about  what 
had  happened.  He  said  that  the  earth  seemed  to  have 
an  attraction  for  the  apple.  When  he  applied  his  idea 
mathematically,  lo  and  behold!  it  fitted.  It  appeared 
that  every  body  of  matter  has  an  attraction  for  every 
other  body.  Some  beautiful  laws  resulted  from  this 
supposition;  they  have  been  unfailingly  useful  in  sci¬ 
ence;  the  idea  of  the  attraction  of  gravitation  has  be¬ 
come  an  indispensable  piece  of  educational  furniture. 
As  a  result  we  all  have  a  mode  of  thought  about  the 
way  bodies  fall  to  the  earth  and  about  the  weight  of  the 
bodies :  we  say  that  the  bodies  are  attracted  together, 
that  some  force  in  each  pulls  the  other  toward  it. 

But  this  force  has  never  exhibited  itself  in  any  other 
way;  it  is  just  a  name  for  one  of  our  sensations;  it  is 
just  a  myth.  No  apparatus  that  science  can  invent  will 
reveal  any  attraction.  All  science  knows  is  a  certain 
fact — namely,  that  two  bodies  tend  to  approach  each 
other.  How  ignorant  science  is  of  the  ultimate  nature 
of  gravitation  is  prettily  set  forth  in  story  form  by 
Einstein,  as  a  preliminary  to  a  popular  exposition. 

Suppose,’^  he  says,  ‘‘that  a  man  were  put  into  a  per¬ 
fectly  dark  cage  that  was  poised,  motionless,  far  out  in 
inter-stellar  space.  The  man  would  not  weigh  any¬ 
thing  ;  he  could  move  from  one  side  of  the  cage  to  the 
other,  or  from  top  to  bottom,  by  the  slightest  push ;  he 
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could  float  in  the  middle  of  the  cage  without  touching 
it.  Suppose  that,  unknown  to  him,  a  cable  were  at¬ 
tached  to  the  top  of  the  cage  and  some  very  strong 
motive  force  hitched  to  the  cable;  suppose  that  this 
force  drew  the  cage  swiftly  in  the  direction  of  a  line 
from  the  bottom  to  the  top  of  the  cage;  and  suppose 
that  the  force  were  so  steady  and  noiseless  that  it  was 
not  suspected  by  the  man  in  the  cage.  What  would  he 
imagine  was  happening?  He  would  suddenly  discover 
that  he  was  being  drawn  against  the  bottom  of  the 
cage;  only  by  a  strong  effort  with  his  legs  could  he 
jump  away  from  the  bottom  for  a  moment,  and  then  he 
would  instantly  feel  strongly  ^attracted’  back  to  the 
bottom.  Actually,  as  we  can  see  from  outside,  the  bot¬ 
tom  is  being  drawn  toward  him ;  but  he,  accustomed  to 
his  notion  of  gravitation,  would  never  suspect  this.  He 
would  feel  ‘attracted  by  the  bottom.^  And  the  most 
ingenious  physicist,  supplied  with  all  the  most  sensi¬ 
tive  apparatus,  even  if  he  guessed  at  two  reasons  for 
the  sensation,  could  never  determine  which  was  the 
real  one.’’  Then  Einstein  goes  on  to  show  that,  for 
aught  we  can  tell,  the  attraction  of  the  earth  for  us  is 
nothing  but  a  mode  of  motion  which  remains  undiscov- 
erable  for  us.  Relativity  does  not  assert  this  peculiar 
theory;  it  only  shows  us  that  we  know  nothing,  and 
that  one  supposition  about  the  universe  may  be  just  as 
valid  as  some  other  one  with  which  we  are  more 
familiar. 

Does  the  story  seem  unreal,  a  kind  of  legerdemain, 
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as  if  a  clever  mathematician  were  proving  that  1=0, 
and  we  were  unable  to  see  how  the  trick  is  performed? 
Einstein’s  illustration  is  as  practical  as  a  telescope.  It 
is  illustrated  by  an  actual  comparison  of  the  weight  of 
a  given  body  when  it  moves  west  with  the  weight  of 
the  same  body  when  it  moves  east;  the  weight  is  less 
when  the  body  moves  east.  It  is  an  indisputable  fact 
that  a  freight  train  weighs  less  when  it  is  moving  from 
Chicago  toward  New  York  than  when  it  is  west-bound. 

Gravitation  is  an  absolute  mystery.  We  can  not 
guess  at  any  explanation  of  its  nature.  If  we  call  it  ‘^a 
force  of  attraction,”  w^e  are  not  saying  anything;  we 
can  not  conceive  how  a  force  can  act  at  a  distance  with¬ 
out  any  medium  through  which  to  act,  or  how  the  force 
can  act  instantaneously,  or  what  could  propagate  it. 
Just  because  we  have  a  learned  name  for  our  sensa¬ 
tion  of  weight,  because  we  can  make  formulas  about  it, 
we  fall  into  the  way  of  thinking  that  we  have  some 
knowledge.  Actually  we  live  in  the  darkness  of  utter 
ignorance  about  what  causes  our  sensation  of 
weight.”  Newton  codified  some  of  the  ways  in  which 
bodies  tend  to  move,  but  he  gave  us  no  conception  of 
what  motion  or  weight  is. 

2.  The  Power  of  Mathematics 

A  certain  Russian  professor  of  physics  once  en¬ 
gaged  a  return  passage  across  the  Black  Sea.  He  busied 
himself  on  the  west-bound  trip  by  weighing  a  chunk  of 
lead  repeatedly,  weighing  it  with  utmost  care  and  keep¬ 
ing  a  record  of  each  weighing.  Doubtless  the  officers 
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of  the  steamer  thought  he  was  a  mystic.  On  the  east- 
bound  trip  he  kept  up  the  same  operations  of  weigh¬ 
ing,  weighing,  weighing.  Probably  the  crew  thought 
he  was  a  lunatic.  But  he  was  as  businesslike  as  a  man 
who  stands  on  a  busy  corner  in  a  city,  counting  the 
number  of  pedestrians  who  pass  each  hour,  in  order  to 
find  out  how  valuable  the  shop  on  the  corner  will  be  for 
a  cigar  store.  The  professor  was  carrying  out  an  ex¬ 
periment  to  see  whether  a  certain  mathematical  cal¬ 
culation  was  correct. 

Fortunately  for  our  purpose  this  bit  of  mathema¬ 
tics  was  so  simple  that  any  high  school  student  could 
understand  it.  If  I  stand  before  a  class  and  show  a 
globe  covered  with  a  film  of  water,  and  if  I  fit  the 
globe  to  a  machine  which  will  spin  it  like  a  top,  if  I 
start  with  a  slow  rotation  and  gradually  increase  the 
speed,  the  students  will  not  be  surprised  when  the 
water  begins  to  leave  the  globe  and  fly  off  in  a  spray 
of  small  drops.  The  sight  is  perfectly  familiar  to 
them ;  they  have  seen  water  driven  off  from  the  circum¬ 
ference  of  revolving  car-wheels.  They  know  that  the 
water  picked  up  in  a  puddle  will  stick  to  the  tire  if  the 
car  is  driven  slowly,  but  will  be  forced  off  at  a  tangent 
when  the  rate  increases.  So  they  will  have  no  trouble 
in  imagining  that  the  same  thing  might  happen  to  the 
water  on  the  surface  of  the  earth,  or  to  any  object 
there.  They  know  that  the  surface  of  the  earth  is  mov¬ 
ing  eastward  nearly  a  thousand  miles  an  hour — they 
have  practical  demonstration  of  the  fact  when  they 
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change  time  on  a  transcontinental  train.  A  bit  of  very 
simple  arithmetic  will  show  that  while  a  limited  train 
is  moving  east  fifty  miles  the  track  has  been  carried 
east  a  thousand  miles.  They  will  have  no  trouble  in 
realizing  that  if  the  speed  of  the  earth’s  rotation  were 
increased  to  two  thousand  miles  per  hour,  then  to  three 
thousand,  and  so  on,  the  time  would  come  when  the 
train  would  be  whirled  oft  the  earth’s  surface  and  shot 
out  into  space,  like  a  drop  of  water  from  a  tire.  Nor 
would  most  of  them  have  any  trouble  in  realizing  that 
at  the  moment  when  the  train  began  to  leave  the  earth 
it  would  not  have  any  weight — for  it  is  no  longer  pulled 
toward  the  earth.  So  it  would  be  obvious  that  our 
present  rate  of  rotation  has  a  tendency  to  throw  ob¬ 
jects  otf  the  earth’s  surface,  and  that  the  slightest  in¬ 
crease  of  the  rate  makes  the  tendency  stronger  and 
stronger,  until  it  finally  overcomes  the  force  of  gravity. 
Any  student  could  see  that  a  ball  of  lead  on  an  east- 
bound  train!  is  traveling  at  the  rate  of  1,000+50  miles 
per  hour,  whereas  the  same  ball  of  lead  on  a  west-bound 
train  is  traveling  only  1,000 — 50  miles  per  hour.  There¬ 
fore  the  ball  has  more  tendency  to  fly  off  from  the  sur¬ 
face  when  it  goes  east  than  when  it  goes  west.  In  other 
words,  any  increase  of  rate  eastward  tends  to  make  a 
body  weigh  less.  Q.  E.  D. 

This  mathematical  demonstration  is  so  simple  and 
obvious  that  no  student  would  hesitate  to  accept  it  if  I 
had  a  reputation  for  always  talking  sensibly  and  never 
joking.  The  class  would  accept  my  mathematics  as  a 


A  GLANCE  TOWAKD  EELATIVITY 


309 


demonstration  of  truth.  But  a  mathematician  is  much 
more  cautious  than  a  high  school  class.  He  realizes 
that  every  calculation  starts  with  an  if.  In  the  case  of 
the  train  he  has  said,  the  forces  are  of  the  same 
sort  as  the  forces  on  a  spinning  globe  covered  with 
moisture,  then  a  body  will  weigh  less  when  it  is  carried 
east.’^  He  has  very  strong  reasons  for  believing  that 
the  forces  are  of  the  same  sort,  but  he  will  not  assert 
this  positively.  He  knows  from  some  sad  cases  in  the 
history  of  mathematics  that  the  if  is  sometimes  a  false¬ 
hood.  The  calculations  are  correct ;  but,  since  the  pre¬ 
liminary  assumption  is  wrong,  the  result  is  wrong. 

This  was  the  situation  in  the  scientific  world  when 
the  Russian  professor  weighed  a  lead  ball.  Mathe¬ 
matics  had  calculated  exactly  how  much  a  pound  of 
lead  would  he  decreased  in  weight  when  it  moved  east¬ 
ward  at  a  rate  of  nine  knots  an  hour.  But  the  differ¬ 
ence  was  so  extremely  small  that  it  could  not  be  de¬ 
tected  on  ordinary  balances  that  were  swayed  by  the 
motion  of  a  train  or  steamer.  Much  ingenuity  was  re¬ 
quired  to  devise  a  thorough  test ;  much  care  was  neces¬ 
sary  ;  since  no  one  weighing  could  be  absolutely  precise, 
there  had  to  be  a  series  of  weighings  and  an  averaging 
of  the  tabulations.  The  result  checked  very  closely 
with  what  mathematics  had  predicted. 

This  very  simple  case  illustrates  what  mathematics 
is  doing  in  every  field  of  science  to-day.  It  has  be¬ 
come  an  indispensable  aid,  both  for  expressing  the 
meaning  of  a  series  of  experiments  and  for  predicting 
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results  that  are  to  be  expected.  Calculations,  when 
checked  by  two  or  three  mathematicians,  can  be  relied 
on  implicitly — if  the  preliminary  assumptions  are  cor¬ 
rect,  Relativity  is  at  present  a  system  of  mathemat¬ 
ical  calculations:  it  is  a  truth  if  the  preliminary 
assumption  is  right.  What  that  assumption  is  will 
appear  in  the  next  section.  Through  the  rest  of  this 
section  I  will  give  some  examples  of  the  ability  of  mathe¬ 
matics  to  represent  infallibly  the  most  complex  or  ab¬ 
struse  or  incredible  truths.  I  do  so,  not  because  the 
examples  prove  anything  directly  about  relativity,  but 
because  most  educated  people  have  only  a  slight  con¬ 
ception  of  the  power  and  reliability  of  operations  with 
mathematical  symbols.  Until  the  reader  has  a  glimpse 
of  what  mathematics  can  do  for  every  science,  of  what 
a  faithful  and  competent  helper  it  is  every  day  in  the 
laboratories,  he  will  not  conceive  how  matter-of-fact  a 
theory  relativity  is.  It  is  not  a  fine  frenzy  of  the  intel¬ 
lect,  neither  is  it  mystical  nor  abnormal.  It  is  a 
businesslike  probability,  based  on  a  businesslike  obser¬ 
vation,  and  followed  to  startling  conclusions  by  a 
businesslike  process  of  exact  mathematics. 

a.  On  page  406  of  Sinclair  Lewises  Arrowsmith  is 
a  fearsome  equation*  by  which  the  doctor  expressed 
the  destructive  effects  of  three  kinds  of  rays  on  a  cer¬ 
tain  bacterium.  Perhaps  many  readers  of  the  novel 
thought  the  equation  was  a  caricature.  But  de  Kruif 
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had  supplied  it  from  a  paper  by  R.  G.  Hussey,  on  the  ir¬ 
radiation  of  cells.  The  novel  contains  several  references 
to  the  necessity  of  mathematics.  The  tragedy  of  one 
part  of  the  book  is  that,  in  order  to  prove  scientifically 
what  the  power  of  the  microbe-destroyer  was,  Martin 
Arrowsmith  had  to  secure  a  mathematical  showing  of 
the  results  of  injection  and  non-injection  among  the 
people  of  different  regions;  in  order  to  secure  this 
formula,  which  would  guarantee  the  cure  for  the  rest 
of  the  world,  it  was  necessary  to  allow  many  people  to 
die.  There  was  a  tragic  conflict  of  emotions — between 
saving  some  dozens  of  lives  now  and  securing  a  form¬ 
ula  that  might  save  thousands  of  lives  in  the  future. 
The  need  of  mathematics  in  Martin’s  education  is  thus 
hinted  at:  ‘^Martin  went  from  mathematics  into  physi¬ 
cal  chemistry. . .  .He  read  the  classics  of  physical  sci¬ 
ence.  He  became  completely  bogged  in  Newton’s  flux¬ 
ions.”  Great  is  mathematics  even  among  the  microbe 
hunters.  Science  is  not  science  nowadays  unless  it  is 
reducible  to  mathematics. 

b.  No  eye  has  seen  the  electrons,  or  even  the  huge 
molecules,  that  are  described  in  Chapter  IV.  All  the 
sights  in  the  drop  of  water  were  pictures  made  by 
mathematics.  The  calculations  which  produced  the 
pictures  are  beyond  question,  but  there  is  a  possibility 
that  some  assumption  about  the  forces  in  atoms  does 
not  correspond  with  facts.  The  measurement  of  the 
rate  of  ascent  of  sap  in  trees  (Chapter  V)  was  possible 
only  by  computations  of  the  results  shown  by  refined 
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mecliaiiism.  Bose ’s  book  bristles  with  the  plotting  and 
interpretation  of  jagged  curves.  The  astounding  facts 
of  the  chapter  on  astronomy  were  largely  attained  by 
the  aid  of  mathematics.  No  economist  is  competent  to¬ 
day  unless  he  can  reduce  data  to  mathematical  symbols. 

c.  An  elementary  example  of  the  power  of  math¬ 
ematics  is  seen  in  the  way  equations  involving  x  and  y 
represent  lines.  Any  equation  of  the  first  degree  that 
you  may  invent  represents  some  straight  line,  which  a 
mathematician  can  chart  for  you.  Any  equation  of  the 
second  degree  represents  some  curved  line.  If  a 
mathematician  writes  on  the  board,  he  has 

expressed  the  nature  of  a  circle  when  its  center  is  the 
point  from  which  measurements  are  made.  Any  equa¬ 
tion  of  the  second  degree  involving  three  variables  rep¬ 
resents  the  shape  of  some  surface.  There  was  a  time 
in  my  youth  when  the  following  equation  made  in  my 
brain  the  picture  of  a  flattened  sphere : 

{x"^  +  y‘^)  +  —  a^h‘^ 

Every  equation  that  includes  only  the  first  or  second 
powers  of  one  or  two  or  three  variables  represents 
some  location  or  line  or  surface. 

Hence  a  mathematician  is  excusable  if  he  suspects 
that  an  equation  of  four  variables  represents  some 
form  of  reality.  He  can  actually  get  results  with  such 
equations,  using  x,  y,  and  for  three  dimensions  in 
space  and  t  for  time.  He  is  excusable  for  wondering 
why  a  fourth  dimension  may  not  be  a  reality,  since  it 
acts  so  like  a  reality  in  equations ;  or  why  an  equation 
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of  five  variables  may  not  point  to  some  fact  that  is 
now  beyond  our  comprehension.  How  can  it  be  pos¬ 
sible  that  a  method  of  mathematics,  which  is  absolute¬ 
ly  dependable  through  four  stages,  should  break  down 
at  a  fifth  stage  that  is  similar  to  the  previous  stages  1 
The  presumption  is  very  strong  that  mathematics  is 
here  pointing  out  some  form  of  reality  which  is  beyond 
our  experience,  but  which  is  no  more  mysterious  than 

the  three  dimensions  that  we  assume  as  axioms. 

d,  ^^Wliat  does  mathematics  mean  in  your  lifeT^ 
I  asked  a  research-worker  in  a  metallurgical  labora¬ 
tory.  At  the  time  he  was  investigating  babbitt  metal 
for  a  manufacturer — surely  an  occupation,  I  thought, 
which  could  not  use  any  theoretical  generalizations 
with  X  and  My  skepticism  showed  in  my  tone,  and 
it  was  promptly  rebuked.  ^^Mathematics!’’  he  ex¬ 
claimed.  ‘^Why,  the  formula  that  Willard  Gibbs  de¬ 
rived  for  compounds  of  n  elements  is  an  indispensable 
guide.  It  was  the  work  of  a  wizard.”  A  recent  essay 
on  Gibbs  says :  ^  ‘  The  accumulation  of  a  vast  multitude 
of  facts  merely  verified  the  findings  of  this  genius  of 
modern  science ;  they  merely  proved  the  truth  of  what 
he  said  would  happen” — that  is,  he  had  predicted  by 
mathematics. 

e.  If  we  should  take  the  wings  of  the  morning  and 
fly  from  this  commercial  need  to  the  uttermost  bounds 
of  fanciful  possibilities  in  astrophysics,  we  should  find 
the  same  reliance  on  mathematics.  When  Chamberlin 
was  wondering  about  the  origin  of  the  earth,  his  mind 
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happened  to  link  up  some  embryo  guesses  with  the  ap¬ 
pearance  of  spiral  nebulas.  ^  ‘  Might  it  be,  ’  ’  his  excited 
brain  asked  with  a  flash  of  intuition,  ‘  ^  that  the  planets 
were  originally  arms  of  molten  matter  streaming  from 
the  sun?  Could  a  near-collision  with  a  star  have 
dragged  out  portions  of  our  sun  in  these  ways  f  Could 
there  be  any  conceivable  kind  of  near-collision  which 
would  draw  forth  eight  arms?’’  His  first  move  was  to 
put  these  queries  to  a  mathematician.  Mathematicians 
could  determine  the  chance  that  any  star  has  of  col¬ 
liding  with  another  one  during  a  quadrillion  years. 
Mathematicians  could  chart  the  course  of  a  star  with  a 
given  mass  that  might  produce  the  result  Chamberlin 
had  imagined. 

/.  Clerk-Maxwell  examined  the  nature  of  Saturn’s 
rings,  of  heat,  of  light,  of  magnetism,  by  a  mathemati¬ 
cal  attack.  ^Hf,”  he  was  always  saying,  in  effect,  ^Hhis 
observation  is  what  it  seems  to  be,  then  it  must  inevit¬ 
ably  be  that  the  following  conclusion  is  true.”  By 
mathematics  he  revealed  the  similarity  of  light  and 
magnetism  as  modes  of  motion  that  appear  to  be  wave¬ 
like.  By  mathematics  he  prophesied  the  substance  of 
things  not  seen.  But  his  prophecies  were  never  a  creed 
that  was  declared  to  be  truth.  They  had  to  wait,  as 
every  mathematician’s  work  has  to  wait,  for  experi¬ 
mental  proof.  Eelativity  is  a  prophecy  of  mathemat¬ 
ics.  It  is  waiting  for  proof. 

g.  The  geometry  that  we  studied  in  school  was  all 
based  on  certain  axioms.  The  axioms  were  not  guar- 
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anteed  truth,  for  they  were  unprovable.  They  were 
accepted  for  the  simple  reason  that  their  opposites 
were  inconceivable.  No  one  can  prove  that  two  parallel 
lines  ever  could  meet ;  that  they  should  meet  is  incon¬ 
ceivable.  But  our  conceptions  have  no  validity  except 
in  the  little  sphere  of  our  untrustworthy  sense-experi¬ 
ence.  ^  ^  Wliy,  ’  ’  asks  the  mathematician,  ‘  ^  may  parallel 
lines  not  meet  if  the  universe  is  different  from  what 
we  can  imagine?  And  surely  it  is  likely  that  the  uni¬ 
verse  is  different.”  So  he  proceeds  to  see  what  will 
happen  if  he  supposes  that  parallel  lines  may  meet.  In 
this  way  mathematicians  have  developed  systems  of 
non-Euclidian  geometry  that  are  consistent  within 
themselves,  that  lead  to  interesting  conclusions,  and 
that  quite  possibly  reveal  something  of  the  real  nature 
of  the  universe.  Mathematicians  are  not  joking  when 
they  tell  us  that,  in  the  realm  beyond  our  experience, 
space  may  be  curved,  so  that  parallel  lines  would  have 
to  meet.  ’  ’  They  can  not  visualize  such  a  thing  as  curved 
space,  any  more  than  you  and  I  can;  but  they  have 
sound  reason  for  suspecting  that  they  have  reached  in¬ 
timations  of  a  reality  which  is  rather  more  sensible 
than  our  present  notion  of  space.  Mathematics  cares 
for  nothing  but  reality. 

h.  The  literalness  and  skepticism  of  mathematics 
were  well  illustrated  by  the  Nebular  Hypothesis  that 
Laplace  invented.  He  reasoned  that  if  a  gas  was  what 
it  was  supposed  to  be  in  1800,  then  our  planetary  sys¬ 
tem  could  have  been  formed  by  the  steps  of  the  cooling 
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and  condensing  of  a  mass  of  hot  vapor  which  gave  off 
rings  as  it  condensed.  His  calculations  are  described 
as  elegant,’^  in  the  best  meaning  of  that  term;  they 
were  as  precise  as  they  were  ingenious.  No  flaw  has 
been  discovered  in  them.  Yet  Laplace  did  not  give  out 
his  theory  as  an  established  faith.  He  knew,  as  all 
physicists  have  known,  that  the  truth  of  the  theory 
could  not  be  established  till  it  was  corroborated  by 
some  observation.  The  corroboration  never  was  forth¬ 
coming.  Chemists  discovered  new  knowledge  about  the 
nature  of  gas ;  they  found  that  Laplace’s  if  was  untrue ; 
without  a  tear  the  mathematicians  abandoned  the  Neb¬ 
ular  Hypothesis.  Here,  as  always,  the  power  of  math¬ 
ematics  is  seen  to  depend  on  the  truth  of  observation 
and  experiment.  Mathematics  is  like  an  airplane:  it 
can  soar  great  distances  through  the  air,  but  can  not  rise 
from  or  light  on  air.  Observation  has  to  furnish  the 
landing-fields. 

Relativity  will  be  the  greatest  flight  of  science  if 
there  is  a  correct  observation  from  which  to  start  and 
an  experimental  verification  on  which  to  land.  Einstein 
recognizes  the  ifs.  He  is  as  hard-headed  and  curious 
about  them  as  though  he  were  drilling  for  oil.  He  has 
declared  explicitly  that  if  the  one  observation  with 
which  he  started  is  erroneous,  his  theory  will  evaporate 
like  dew  in  a  desert. 

The  next  section  will  describe  that  one  observation. 
There  is  only  one.  It  is  definite  and  mechanical  to  the 
last  degree.  It  may  be  false. 
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3.  The  Little  Experiment  on  Which  the  Great 

Theory  is  Based 

I  once  saw  an  alert-looking,  well-groomed  man 
washing  his  hands  in  the  University  Club  of  Chicago. 
He  looked  like  a  man  of  affairs.  He  appeared  to  have 
conventional  notions  about  finger-nails  and  collars. 
Nobody  ever  seemed  less  of  a  mystic  or  a  freak.  I  have 
learned  since  that  he  has  quite  normal  views  about 
Grant  Park  and  Mayor  Thompson  and  other  Chicago 
topics.  No  broker  on  the  Board  of  Trade  is  more  prac¬ 
tical.  My  host,  a  Chicago  business  man,  nudged  my  el¬ 
bow  and  whispered,  ‘^That^s  Professor  Michelson!^’ 
Instantly  I  was  filled  with  awe.  This  was  the  man  who 
started  the  mathematicians  soaring  into  relativity.  Yet 
he  married  a  Lake  Forest  woman  and  lives  at  the  Hotel 
del  Prado.  He  has  no  resemblance  to  an  esoteric  or  a 
grand  lama.  The  four-inch  account  of  him  in  Who^s 
Who  says  that  he  was  a  graduate  of  the  United  States 
Naval  Academy,  but  makes  no  reference  to  any  such 
flighty  matter  as  relativity. 

When  he  was  less  than  thirty  years  old  he  became 
interested  in  a  scientific  puzzle  that  has  engaged  his 
attention  for  forty-five  years  and  that  is  not  yet  solved 
— namely.  How  can  we  directly  observe  the  earth’s 
motion  through  space  ?  The  question  would  never  have 
occurred  to  me,  because  I  was  taught  in  school  that  the 
earth  does  move  and  that  its  path  and  speed  are  pretty 
well  known.  Why  should  I  want  to  make  the  measure¬ 
ment  in  some  new  way!  But  Michelson  is  different.  He 
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knows  that  the  motion  of  the  earth  about  the  sun  is  only 
an  inference  from  some  very  delicate  measurements 
of  the  parallax  of  stars.  He  knows  that  the  motion  of 
our  whole  solar  system  through  stellar  space  is  only  an 
approximation,  a  kind  of  guess  based  on  a  rough  aver¬ 
age  of  the  apparent  shifts  in  position  of  many  stars. 
The  exact  direction  in  which  the  Chicago  Loop  moves 
through  the  universe  at  any  given  minute  is  not  known. 
It  is  a  composite  of  three  motions:  (1)  It  moves  with 
the  rotation  of  the  earth  on  its  axis ;  (2)  it  moves  in  the 
orbit  of  the  earth  around  the  sun;  (3)  it  probably 
moves  toward  the  constellation  Lyra.  And  for  aught 
anybody  knows  there  may  he  a  fourth  motion — a  drift 
of  the  entire  Milky  Way.  Astronomy  can  only  guess  at 
our  path  in  space;  our  senses  tell  us  nothing.  ‘HsnT 
there,’’  Michelson  wondered,  ‘‘some  way  to  get  a  direct 
measurement?” 

It  is  an  uncanny  fact  that  there  is  not  in  the  heavens 
any  fixed  point  by  which  we  can  reckon  our  motion; 
for  the  stars  are  as  vagrant  as  we,  all  in  continual  mo¬ 
tion  on  their  own  uncharted  tracks.  We  are  as  helpless 
to  detect  our  path  as  a  man  would  be  if  he  were  looking 
out  from  the  cabin  of  a  perfectly  steady  airplane,  on  an 
utterly  dark  night,  and  could  see  nothing  but  a  lot  of 
moving  lights.  He  could  not  feel  his  motion,  and  he 
could  not  gage  it  by  any  fixed  point  in  a  landscape. 

An  ordinary  mortal  so  situated  would  lie  down  and 
take  a  nap.  A  Michelson  is  kept  awake  by  the  uneasy 
query,  ‘  ‘  How  can  I  measure  ?  ’  ’  There  is  a  cex;tain  ex- 
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periment  that  would  yield  the  answer  if  a  sufficiently 
delicate  apparatus  could  he  set  up  in  the  cabin.  Sup¬ 
pose  that  an  instrument  like  the  spring  device  for 
shooting  clay  pigeons  is  installed,  that  it  shoots  a  golf- 
ball  in  the  direction  of  the  flight  of  the  plane,  and  that 
the  ball  is  reflected  back  from  the  wall  of  the  cabin  to 
the  spring ;  then  suppose  that  the  ball  is  shot  at  right 
angles  to  the  line  of  flight  and  reflected  back  to  the 
spring;  suppose  that  the  time  of  each  round  trip  of  the 
ball  is  measured  exactly.  It  is  known  (mathematics 
tells  why)  that  the  first  round  trip  will  take  more  time 
than  the  second.  Hence  if  the  golf -ball  were  driven 
in  a  great  many  directions  and  if  the  times  of  the  round 
trips  were  tabulated,  the  longest  time  would  indicate 
the  direction  most  nearly  in  the  line  of  flight.  The  dif¬ 
ferences  in  time  would  be  very  slight  fractions  of  a 
second ;  any  least  defect  in  the  apparatus  or  in  the  tim¬ 
ing  would  vitiate  the  experiment.  But  the  experiment 
is  humanly  possible  and  would  reveal  the  direction  and 
speed  of  the  airplane. 

It  was  just  such  a  device  that  Michelson  decided  to 
employ.  Instead  of  a  golf-ball  he  used  a  ray  of  light 
reflected  from  mirrors.  Instead  of  a  spring  on  a  re¬ 
volving  standard  he  used  a  stone,  six  feet  square, 
floated  in  a  vat  of  mercury.  He  raced  beams  of  light 
in  paths  at  right  angles  to  each  other,  using  an  appara¬ 
tus  of  such  extraordinary  delicacy  that  it  would  reg¬ 
ister  differences  many  times  smaller  than  were  ex- 
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pected  from  tlie  mathematics  of  the  case.  No  differ¬ 
ences  whatever  were  observed. 

Here  was  a  result  that  no  law  of  science  could  ex¬ 
plain.  All  known  facts  and  all  mathematical  formulas 
agreed  that  differences  in  the  rates  of  the  rays  of  light 
should  appear;  but  none  did  appear.  This  negative 
result  was  as  astounding  as  if  the  Russian  professor 
had  shown  that  the  rotation  of  the  earth  did  not  affect 
weight.  For,  in  that  case,  the  expectation  of  mathe¬ 
matics  would  have  been  upset,  the  nature  of  mo¬ 
tion  would  have  been  shown  to  be  different  from  what 
all  physicists  had  assumed,  and  some  entirely  new  as¬ 
sumptions  would  have  had  to  be  sought — some  formulas 
that  would  fit  all  previous  observations  to  this  new  ob¬ 
servation.  Science  would  have  felt  as  amazed — and  as 
happy — as  a  Columbus  sighting  new  land.  Just  such 
amazement  and  elation  was  felt  by  physicists  when 
Michels  on  announced  that — contrary  to  all  previous 
assumptions  about  the  nature  of  motion — light  waves 
did  not  behave  as  mathematics  had  predicted.  If  his 
observation  was  correct,  it  pointed  unmistakably  to  a 
new  conception,  not  simply  of  the  motion  of  light,  but 
of  all  motion.  In  fact  mathematicians  soon  showed 
that  this  new  conception  of  motion  would  inevitably 
require  new  formulas  for  all  phenomena  of  time  and 
space  and  gravitation.  So  the  natural  supposition  was 
that  the  observation  had  been  incorrect. 

In  1887  the  experiment  was  repeated,  with  the  aid 
of  an  assistant,  Morley.  More  refined  apparatus  was 
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used.  The  result  was  as  negative  as  before.  So  math¬ 
ematicians  had  good  reason  for  believing  that  they 
were  dealing  with  a  true  observation.  They  reached 
most  remarkable  conclusions,  by  calculations  that  no 
one  disputes. 

In  1925  Michelson  arranged  a  much  more  elaborate 
test  for  detecting  the  earth’s  motion  by  light  rays.  In 
a  Chicago  suburb  he  laid  a  square  of  twelve-inch  pipe, 
a  quarter  of  a  mile  long  on  each  side,  placing  mirrors 
at  the  corners,  so  that  rays  of  light  could  be  sent  in 
either  direction,  and  any  di:fferences  of  speed  detected 
with  inconceivable  nicety.  Again  the  result  was  quite 
negative.  No  direct  evidence  of  the  motion  of  the 
earth  was  to  be  obtained  in  this  way. 

What  must  we  conclude?  Some  mathematicians  still 
conclude  that  there  is  an  error  in  the  observation  of 
the  behavior  of  the  light  rays.  Professor  Dayton  C. 
Miller  has  made  one  hundred  thousand  observations  on 
Mount  Wilson  and  believes  he  has  proved  the  Michel- 
son-Morley  experiment  to  be  an  error.  That  Miller  is 
not  considered  an  irresponsible  person  is  indicated  by 
the  fact  that  in  1925  he  received  for  his  work  with  light 
the  annual  thousand-dollar  prize  of  the  American  As¬ 
sociation  for  the  Advancement  of  Science.  Einstein 
admits  that  if  Miller’s  reasoning  is  correct  the  theory 
of  relativity  is  dead. 

Several  mathematicians  have  derided  the  logic  of 
relativity.  Professor  T.  J.  See  said  in  an  address  to 
the  California  Academy  of  Sciences :  ‘‘Einstein  is  now 
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required  to  learn  correct  mathematics  from  an  old- 
fashioned  disciple  of  Newton’^ — that  is,  from  Profes¬ 
sor  See.  Professor  Poor,  of  Columbia,  has  spoken 
very  severely :  ‘  ^  Einstein  will  have  to  prove  the  laws 
of  logic  false  in  order  to  make  his  theory  hold.’’  Syd¬ 
ney  A.  Reeve,  a  veteran  engineer,  has  denounced  rela¬ 
tivity  in  the  Nation:  ‘‘In  plain  English,  the  Einstein 
theory  is  arrant  nonsense,  as  bodiless  a  chimera  as 
ever  got  a  great  nation  on  the  run.”  The  philosopher 
Guggenheimer  has  written  a  book  in  which  he  argues 
that  Einstein  has  made  a  very  silly  basic  error  in  logic. 

Such  an  assault  could  be  made  to  seem  serious  by 
a  clever  collegiate  debater.  It  could  be  made  to  look  as 
if  a  phalanx  of  practical  men  were  cutting  down  a  help¬ 
less  German  logician.  But  the  fact  of  the  case  is  en¬ 
tirely  different.  The  phalanx  of  critics  is  a  very,  very 
small  band.  It  is  defying  nearly  the  whole  embattled 
array  of  the  world  of  physicists.  To  call  Einstein  a 
fool  is  easy ;  to  say  that  the  whole  host  of  leading  physi¬ 
cists  and  mathematicians  in  Christendom  are  fools  is  a 
different  matter.  It  is  probable  that  ninety-nine  per 
cent,  of  the  most  competent  and  independent  men  in 
England  and  Germany  and  France  and  America  do  not 
question  either  the  basic  logic  or  the  resulting  calcula¬ 
tions  of  the  theory  of  relativity.  Professors  Page  and 
Sparrow  have  written  for  the  Physical  Review  a  dem¬ 
onstration  of  how  Miller’s  results  can  be  interpreted  to 
conform  with  the  relativity  theory.  Almost  all  the 
mathematicians  are  united  against  reasoners  like 
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See  and  Poor  and  Reeve  and  Guggenheimer.  Their 
way  of  thinking  about  relativity  is  fairly  repre¬ 
sented  by  the  following  comment,  the  words  of  W.  J. 
Luyten,  of  the  Harvard  Observatory:  ‘‘The  astrono¬ 
mers  calculated  that  the  outlying  parts  of  these  spirals 
going  around  in  one  hundred  thousand  years  must  have 
a  speed  greater  than  light.  At  this  the  imagination  of 
the  astronomers  stopped.  For  one  of  the  fundamental 
tenets  of  modern  physics  is  that  no  material  particle 
can  move  faster  than  light.  There  was  only  one  way 
out — we  had  to  scrap  the  theory  of  island  universes. 
. .  .No  breaking  of  the  speed  laws  of  relativity  is  per¬ 
mitted.  That  is  the  constitution  of  the  cosmos.  That 
is  our  corner-stone.’^  The  theory  of  island  universes 
was  later  rescued  from  the  scrap-heap,  as  we  saw  in 
the  first  chapter,  but  not  till  it  took  a  form  that  could 
be  reconciled  with  relativity.  Relativity  has  become 
the  constitution  and  the  corner-stone  of  physics. 

4.  What,  Then,  is  Relativity? 

Relativity  is  the  set  of  calculations  that  are  based 
on  Michelson’s  observation  of  the  way  light  travels. 
There  are  many  sorts  of  calculations,  in  different  fields, 
so  that  an  account  of  them  is  bewildering.  And  none  of 
them  can  be  visualized,  not  even  by  the  mathemati¬ 
cians.  Hence  no  account  of  them  can  be  conceivable  to 
us  who  have  not  followed  the  difficult  mathematics.  But 
we  can  understand  the  general  nature  of  the  calcula¬ 
tions.  The  one  purpose  which  inspires  them  all  is 
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briefly  explained  in  this  section.  Some  of  their  weird 
corollaries  are  described  in  the  last  section. 

One  of  the  strangest  facts  about  relativity  is  that 
you  may  read  book  after  book  on  the  subject  and  never 
see  it  defined.  Rather  than  make  up  a  definition  out  of 
my  own  scanty  knowledge,  I  will  use  the  words  of  Mr. 
Bolton,  an  Englishman  who  won  the  Scientific  Ameri¬ 
can  prize  for  the  best  popular  exposition  of  relativity. 
The  following  quotations  are  from  the  preface  to  his 
excellent  Introduction  to  the  Theory  of  Relativity, 

The  theory  of  relativity  may  very  well  prove  to  be 
the  most  important  single  contribution  yet  made  to  in¬ 
tellectual  thought.  If  the  theory  is  true  it  means  noth¬ 
ing  less  than  that  physical  science  has  at  length  broken 
through  the  crust  of  the  phenomenal  and  apparent.  The 
mechanism  of  nature  is  to  be  sought  in  something  as 
yet  conceivable  only  mathematically. 

It  is  not  to  be  expected  that  a  theory  of  this  novelty 
and  scope  can  be  other  than  difficult.  No  one  can  be 
surprised  if  he  finds  the  general  drift  hard  to  grasp. 
This  was  indeed  by  far  the  most  serious  difficulty  en¬ 
countered  by  the  writer.  It  is  nothing  but  literal  fact 
that  he  found  it  a  greater  obstacle  to  a  general  under¬ 
standing  of  the  subject  than  the  details  of  the  advanced 
mathematical  work.  Try  as  he  would  the  drift  eluded 
him.  The  main,  almost  the  sole,  object  of  the  present 
book  is  to  meet  this  difficulty,  all  other  considerations 
being  subordinate.  He  has  written  the  book  with  a 
very  lively  recollection  of  his  own  troubles,  and  he 
hopes  that  it  may  be  of  service  to  others  in  like  case. 

The  great  question  is.  What  is  it  all  about?  To  this 
question  some  give  one  answer  and  some  another ;  but 
none,  to  the  writer’s  knowledge,  give  so  clear  an  an¬ 
swer  as  Einstein  himself,  and  even  he  answers  it  by 
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implication  rather  than  directly.  .  .  .  He  makes  it  quite 
clear  that  relativity  as  a  whole  is  the  theory  of  the 
statement  of  general  physical  laws  in  forms  common  to 
all  observer s.  [That  is,  to  scientists  who  might  be  sup¬ 
posed  to  travel  as  fast  as  electrons  or  light,  to  be  poised 
in  space  or  to  be  at  the  heart  of  Betelgeuse ;  the  laws 
are  to  apply  for  any  condition  in  which  any  conceivable 
observer  might  find  himself].  It  is  something  of  a 
puzzle  why  other  writers  of  authority  have  not  given 
this  fact  a  more  prominent  place  and  stated  it  plainly 
and  explicitly.  It  may  have  been  because  it  seemed  so 
obvious  as  not  to  require  emphasis,  but  to  the  writer’s 
mind  the  greater  part  of  the  mystery  which  has  sur¬ 
rounded  the  subject  has  arisen  through  failure  to  grasp 
it.  It  was  certainly  so  in  his  own  case.  When  he  real¬ 
ized  it,  the  whole  subject,  till  then  a  hopeless  jig-saw 
puzzle,  seemed  to  arrange  itself  of  its  own  accord.  .  .  . 
He  hopes  that  whatever  the  shortcomings  of  the  pres¬ 
ent  book  may  be,  he  has  at  least  left  the  reader’s  mind 
clear  on  this  all-important  point. 

Thus  it  appears,  quite  paradoxically,  that  the  word 
‘‘relativity”  describes,  not  the  new  theory,  but  the  fact 
that  the  old  laws  of  physics  were  not  universally  true ; 
they  were  true  only  in  the  limited  sphere  of  inaccurate 
observation;  they  were  merely  relative.  What  the 
mathematicians  have  done  is  to  derive  formulas  which 
shall  be  universally  true  for  all  conditions  of  space  and 
matter  and  motion.  A  descriptive  name  for  the  new 
theory  would  be  “universality”  or  “absoluteness.” 

5.  How  Relativity  Will  Stand  or^  Fall 

Relativity  will  not  fall  before  any  battering-ram 
of  logic  that  is  brought  against  it,  for  it  is  not  based  on 
logic.  It  can  fall  only  when  some  one  succeeds  in  prov- 
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ing  that  there  is  a  mistake  in  Michelson’s  experiment. 
Any  physicist  who  could  secure  such  a  proof  would 
obtain  great  fame  and  added  income  for  the  rest  of  his 
life.  Every  physicist  in  the  world  is  keenly  aware  of 
this  and  would  give  his  right  hand  to  succeed  where 
Michelson  failed.  But  no  one  produces  the  proof  that 
Michelson  failed.  This  is  the  most  cogent  sort  of  rea¬ 
son  that  can  exist  for  belief  in  any  theory — not  a  proof, 
but  powerfully  persuasive. 

It  was  Einstein  himself  who  proposed  three  tests 
of  observation  for  relativity :  the  motions  of  Mercury, 
the  path  of  a  ray  of  light  passing  close  to  the  sun,  and 
the  positions  of  certain  lines  in  a  spectrum.  In  each  of 
these  cases  the  motion  is  such  that,  if  his  theory  is  cor¬ 
rect,  sufficiently  refined  measurements  would  show 
facts  which  the  old  laws  can  not  account  for  and  which 
his  theory  does  account  for.  Each  test  has  been  made. 
The  results  are  not  yet  absolutely  convincing,  but  the 
measurements  come  so  close  to  Einstein’s  predictions 
that  they  convince  nearly  all  prominent  mathema¬ 
ticians. 

It  must  not  be  understood  that  the  theory  of  rela¬ 
tivity  depends  simply  upon  those  tests.  In  a  dozen 
ways  there  have  been  evidences  of  the  probability  of 
the  truth  of  the  theory.  The  study  of  the  atom  has 
brought  research  to  points  where  all  would  have  been 
baffling  if  computations  of  the  behavior  of  electrons 
had  not  been  assisted  by  relativity  formulas.  When  a 
theory  accounts  for  the  strange  doings  of  hydrogen 
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atoms  in  distant  stars  and  for  the  performances  of 
electrons  on  the  earth,  there  is  a  presumption  in  its 
favor. 

If  some  observer  in  the  future  should  bring  for¬ 
ward  a  fact  that  proved  Michels  on  to  be  in  error,  and  if 
relativity  went  to  ruin  because  of  this,  all  the  news¬ 
papers  would  carry  big  head-lines  about  the  discovery. 
All  the  cartoonists  would  have  material  for  months  of 
mirth.  A  host  of  intellectuals  would  laugh  about  an¬ 
other  example  of  the  folly  of  science.  The  world  would 
be  full  of  jeering.  But  all  the  fun-makers  would  miss 
the  point.  Science  would  not  be  convicted  of  folly. 
Science  has  all  along  proclaimed  that  relativity  rests 
on  an  if — if  light  does  really  behave  as  it  seems  to  in 
the  Michelson-Morley  experiment.  When  it  is  shown 
that  light  does  not  so  behave,  science  will  profit  by  one 
of  the  most  spectacular  and  useful  demonstrations  that 
the  human  intellect  ever  devised.  Nothing  will  be  lost 
to  science  except  a  temporary  supposition,  which  will 
be  gladly  discarded.  Science  will  then  set  an  example 
by  which  all  the  philosophers  and  critics  and  theologi¬ 
ans  might  profit ;  holding  no  faith  that  is  not  subject  to 
revision  when  a  new  fact  arrives. 

6,  Some  Queer  Results 

If  the  nature  of  light  is  what  the  Michelson-Morley 
experiment  shows,  the  conclusions  that  follow  form  a 
kind  of  Wonderland.  The  conclusions  have  little  to  do 
with  anything  that  our  senses  can  perceive— any  more 
than  we  had  to  quit  speaking  of  the  sun’s  rising” 
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after  we  learned  that  it  stands  still.  Almost  all  the 
measurable  phenomena  of  the  universe  will  appear  just 
as  they  now  appear,  even  in  the  most  precise  instru¬ 
ments.  Relativity  will  not  destroy  any  known  law  of 
physics,  it  will  not,  for  example,  destroy  Newton’s 
laws  of  motion,  so  far  as  they  apply  to  our  direct  sense- 
experience.  Relativity  will  do  no  more  than  say,  ^  ‘  Be¬ 
yond  the  limit  of  human  observation  the  nature  of  the 
universe  is  different  from  what  we  have  taken  for 
granted.  ’  ’ 

If  the  human  race  had  developed  in  a  world  where 
men  were  accustomed  to  bullets  which  had  half  the 
speed  of  light,  relativity  would  have  seemed  natural 
enough.  If  our  senses  had  reported  that  time  and 
space  are  altered  by  the  rate  of  motion,  that  would  have 
been  a  commonplace  of  experience.  It  is  no  more 
strange,  in  itself,  than  the  utterly  mysterious  fact  that 
matter  is  an  aggregation  of  forces  and  that  its  weight 
is  altered  by  motion.  If  a  man  had  been  born  on  a 
star  where  matter  is  a  thousand  times  as  dense  as  it  is 
in  the  earth  and  where  the  amount  of  matter  is  a  mil¬ 
lion  times  greater,  and  if  he  had  been  transported  to 
the  earth,  he  could  tell  us  of  the  ocular  proof  seen  by 
him  that  gravitation  has  an  effect  on  time.  If  calcula¬ 
tions  show  that  time  moves  more  slowly  in  the  neigh¬ 
borhood  of  much  matter,  we  need  not  think  we  are  en¬ 
countering  a  nightmare.  There  is  nothing  unnatural 
about  such  a  condition  of  affairs.  It  is  easy  for  a  math¬ 
ematician  to  credit  the  idea  that  space  is  ‘‘warped” 
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or  curved’’  in  the  presence  of  concentrated  matter — 
he  has  the  figures  for  it.  So  the  following  statement  by 
Eddington  of  his  way  of  looking  at  the  universe  is  com¬ 
monplace  enough : 

globe  of  water  of  five  hundred  and  seventy 
million  kilometers  radius  would  have  extraordinary 
properties ....  It  would  have  no  center,  and  no  bound¬ 
ary.  . .  .Nothing  could  enter  or  leave  the  mass,  because 
there  is  no  boundary  to  enter  or  leave  by.... There 
could  not  be  any  other  world  anywhere  else,  because 
there  isn’t  an  ^anywhere  else.’  ” 

If  any  one  could  become  familiar  with  the  abstruse 
formulas  and  calculations  of  Eddington,  so  that  they 
were  daily  food  for  his  thoughts,  it  would  be  natural 
to  suppose  that  space  and  time  must  be  warped  under 
the  influence  of  so  much  gravitational  force  assembled 
in  one  place.  How  could  it  be  otherwise?  How  could 
space  and  time  be  expected  to  stand  the  strain  of  such 
an  intolerable  deal  of  matter  heaped  around  one  cen¬ 
ter!  To  be  surprised  at  the  curving  of  space  is  to  be 
like  a  child  w^ho  is  grieved  when  a  house  of  cards 
crumples  under  the  weight  of  a  big  doll.  Certainlji 
space  and  time  must  be  distorted  by  gravitation. 

It  is  only  natural  to  suppose  that  any  bit  of  matter 

is  shortened  in  the  direction  of  its  motion.  If  we  ex- 

» 

pect  matter  to  remain  unchanged  by  motion,  we  are 
like  a  chautfeur  who  should  be  astonished  at  a  tele¬ 
graph  pole  for  its  effect  on  a  car  that  collides  with  it. 
The  result  of  the  slow  motions  that  our  senses  exper¬ 
ience  is  slight.  For  example,  the  velocity  of  the  earth 
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in  its  orbit  is  only  twenty  miles  per  second,  which  is  the 
nine-thousandth  part  of  the  speed  of  light.  So  slight 
a  velocity,  mathematics  tells  us,  causes  a  contraction 
of  only  two  and  one-half  inches  in  the  diameter  of  the 
earth — an  amount  that  is  altogether  too  small  for  hu¬ 
man  ingenuity  to  measure.  But  it  is  possible  that  some 
Michelson  of  the  future  will  measure  it  and  will  not  be 
any  more  surprised  by  this  confirmation  of  relativity 
than  the  Russian  professor  was  when  he  weighed  lead 
on  the  Black  Sea.  A  mathematician  finds  that  the  ef¬ 
fect  of  increasing  the  earth’s  velocity  beyond  twenty 
miles  per  second  would  be  small  through  lower  rates 
like  forty  or  a  hundred  miles  per  second.  But  a  very 
simple  formula*,  which  could  be  used  in  high  school, 
shows  what  the  result  would  be  if  the  velocity  were 
increased  to  one  hundred  sixty-one  thousand  miles 
per  second;  the  earth  would  then  have  a  diameter,  in 
the  direction  of  its  motion,  only  half  as  great  as  it  now 
has.  The  formula  shows  that  if  the  earth  could  be  pro¬ 
pelled  at  the  speed  of  light  it  would  have  no  diameter  at 
all.  Certainly  it  wouldn’t.  For  mathematics  can 
find  no  equation  that  indicates  the  existence  of  any  ve¬ 
locity  greater  than  that  of  light.  Matter  could  not  exist 
in  such  a  condition  of  motion — any  more  than  it  could 
exist  in  a  condition  of  moving  two  ways  at  once. 

I  find  myself  dropping  into  a  bantering  tone  as  I 
mention  these  findings  of  the  relativity  theory.  There 
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is  something  of  the  comical  in  them  when  they  appear 
within  the  bourne  of  the  crawling  movements  of  matter 
that  we  experience.  When  we  encounter  them  suddenly 
alongside  the  torpid  sluggishness  of  matter  as  we  know 
it,  we  feel  as  Alice  did  when  she  tried  to  remain  polite 
to  the  creatures  of  topsy-turvydom.  Relativity  sounds 
funny  on  this  side  of  the  looking-glass.  But  it  is  a  com¬ 
mon-sense  region  if  we  grow  accustomed  to  it.  An 
Eddington,  informed  by  his  calculations,  lives  in  a  uni¬ 
verse  that  is  far  more  sober  and  orderly  than  the  bar¬ 
barian  life  where  we  grin  or  shudder  at  the  idea  that 
space  and  time  are  shortened  by  motion.  When  the 
next  generation  of  students  rehearse  that  formula  after 
committing  it  to  memory  from  a  text-book,  they  will 
regard  it  as  a  prosy  bit  of  unimaginative  science.  Al¬ 
ready  science  is  encountering  (in beta  rays)  bodies  that 
move  fast  enough  to  reduce  their  size  by  half  if  they 
were  matter — and  perhaps  they  are.  Science  is  mak¬ 
ing  practical  application  of  the  mathematics  of  high 
speed.  The  mathematics  of  relativity  is  already  a  prac¬ 
tical  tool  for  physicists  who  are  investigating  the  spec- 
trums  of  hydrogen  and  helium. 

These  computations  indicate  that  the  mass  of  a 
body  is  increased  when  its  temperature  is  raised ;  pre¬ 
sumably  it  takes  more  power  to  start  a  freight  train 
on  a  hot  day  in  the  Mojave  Desert  than  to  start  the 
same  train  on  a  cold  day  in  Alberta.  Since  the  differ¬ 
ence  is  so  slight  that  it  can  not  yet  be  measured,  we  re¬ 
gard  the  mathematics  of  it  as  having  only  an  academic 
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interest.  So  of  the  measurements  of  time :  the  formula 
indicates  that  time  is  slower  at  the  equator  than  in 
Iceland,  and  we  remark,  ‘^Well,  what  of  itl  lUs  just  a 
theory.’’  But  history  proves — often  and  startlingly — 
that  a  mere  theory  of  to-day  may  he  at  work  in  ma¬ 
chinery  to-morrow.  If  relativity  has  revealed  some 
new  facts  about  time  and  inertia,  there  is  no  telling 
what  workaday  importance  the  facts  may  assume  when 
some  inventor  utilizes  them. 

Think  of  the  most  remote  and  abstract  of  all  the 
theorems  of  relativity — that  the  universe  is  finite.  This 
is  quite  inconceivable;  no  astronomer  can  secure  any 
mental  picture  of  a  jumping-oft  boundary  beyond 
which  there  is  no  space.  His  mind  is  imprisoned  in  a 
concept  of  space  as  extending  infinitely.  When  a  com¬ 
putation  implies  that  space  is  ‘‘finite,”  the  mathema¬ 
tician  can  not  unmake  his  brain  and  visualize  finite 
space.  He  does  not  even  try  to  do  so.  But  he  presumes 
that  the  equation  has  some  concrete  meaning,  and  that 
the  meaning  may  in  time  take  form  and  be  revealed  as 
a  serviceable  fact — dim,  but  actual — on  the  border  of 
the  unknown.  It  is  no  more  mystical  than  any  ordi¬ 
nary  so-called  “fact”  of  time  or  space  as  we  heedlessly 
utilize  it.  For  we  have  no  knowledge  whatever  of  time 
and  space.  We  can  not  define  them  in  any  terms  less 
mystical  than  those  emphasized  by  the  mathematicians 
who  speak  of  a  finite  universe.  Relativity  is  mysteri¬ 
ous,  but  not  more  so  than  the  motion  of  a  second  hand 
on  a  watch  or  the  weight  of  a  grain  of  sand. 

'  THE  END, 
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A  list  of  books  that  are  suitable  for  readers  who  wish  to  go 
further  than  these  chapters  take  them ; 

Fob  Chapter  I. 

Three  little  books  (each  of  about  a  hundred  pages,  pub¬ 
lished  by  Scribner’s)  entertainingly  written  and  beautifully 
illustrated,  by  George  Ellery  Hale,  Director  of  the  Mount 
Wilson  Observatory,  give  a  concise  and  authoritative  account 
of  the  recent  spectacular  advances  in  astronomy:  The  New 
Heavens  (1920),  The  Depths  of  the  Universe  (1922),  Beyond 
the  Milky  Way  (1926). 

If  you  wish  to  read  a  description  of  the  planetary  system 
and  the  constellations,  with  a  view  to  observing  the  heavens 
intelligently,  secure  A  Beginner ^s  Star-book,  by  Kelvin  Mc- 
Kready  (Putnam). 

A  good  text-book  of  the  general  principles  of  astronomy, 
with  some  descriptive  and  historical  matter,  is  P.  R.  Moulton’s 
An  Introduction  to  Astronomy » 

Foe  Chapter  II. 

A  popular  (and  authoritative)  account  of  geology  is  being 
prepared  for  the  Bobbs-Merrill  Company  by  Edwin  Tenney 
Brewster.  Until  this  book  appears  there  will  be  nothing  of  a 
non-technical  sort  to  recommend  to  the  general  reader. 

A  copiously  illustrated  and  well-arranged  manual  of  a 
scholarly  sort  is  A.  W.  Grabau’s  two-volume  Textbook  of 
Geology, 

The  Origin  of  the  Earth  mentioned  in  the  text  is  a  two- 
hundred-and-seventy-page  book  issued  by  the  University  of 
Chicago  Press  in  1916.  It  is  somewhat  formal  and  difficult  in 
style,  but  is  written  with  real  zest  for  the  subject  and  will 
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stimulate  any  one  who  uses  his  imagination  to  follow  the 
author.  The  book  may  prove  to  be  the  most  significant  one 
published  by  the  Chicago  Press. 

For  Chapter  III. 

A  well-made  and  simple  account  of  meteorology  is  W.  L. 
Moore’s  The  New  Air  World  (Little,  Brown,  1922).  The  best 
book  of  a  technical  sort  is  Physics  of  the  Air,  by  W.  J.  Hum¬ 
phreys  (Lippincott,  1920). 

For  Chapter  IV. 

The  atoms  have  been  popularized  in  dozens  of  books.  My 
own  choice,  if  I  had  to  recommend  only  one,  would  be  Sir 
William  Bragg’s  Concerning  the  Nature  of  Things  (Harper, 
1925),  because  in  it  one  of  the  leading  investigators  tells,  with 
a  charming  style,  how  his  work  was  done.  (The  book  origin¬ 
ated  in  a  series  of  lectures  to  young  people.) 

A  smaller  book  which  gives  a  better  general  view  without 
being  technical  is  J.  W.  N.  Sullivan’s  Atoms  and  Electrons 
(Doran,  1924). 

For  Chapter  V. 

The  Physiology  of  the  Ascent  of  Sap,  by  Sir  J.  C.  Bose 
(Longmans,  1923),  is  forbiddingly  technical  in  appearance 
and  was  certainly  not  made  for  popular  consumption.  But  a 
reader  who  knows  how  to  skip  will  find  here  a  romantic  (and 
well  accredited)  description  of  novel  investigations  into  the 
nature  of  plant  life. 

More  readable  and  more  informing  in  an  elementary  way 
are  the  chapters  of  W.  F.  Ganong’s  Textbook  of  Botany  for 
Colleges  (Macmillan,  1920). 

For  Chapters  VI  and  VII. 

Why  no  popular  account  of  human  physiology  has  been 
made  is  a  mystery.  Presumably  the  difficulties  of  the  under¬ 
taking  are  very  great  and  the  curiosity  among  the  reading 
public  not  sufficiently  roused  to  create  a  demand.  Any  one 
who  wishes  a  book  of  reference  for  reading  up  certain  topics 
will  do  well  to  secure  the  latest  edition  (1925)  of  the  old 
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standard  work,  one  thousand  and  sixty-nine  pages,  A  Text- 
hook  of  Physiology^  by  "W.  H.  Howell  (W.  B.  Saunders  Co.). 

For  Chapters  VIII  and  IX. 

Before  many  years  somebody  is  going  to  confer  a  benefit 
on  the  race  by  preparing  a  popular  account  of  that  most  ex¬ 
traordinary  subject  in  modern  science,  the  germ-cell.  But  re¬ 
cent  advances  have  been  so  rapid,  and  the  subject  is  so  in¬ 
volved  in  technicalities  of  dimly-seen  facts,  that  no  writer  has 
yet  ventured  to  simplify  it.  I  fear  that  most  of  my  readers 
would  be  afraid  of  the  twelve-hundred-page  The  Cell,  by  E.  B. 
Wilson  (Macmillan,  1925),  yet  I  commend  it  to  them  and  urge 
them  to  see  it.  They  are  free  to  skip  as  much  as  they  like.  If 
they  did  no  more  than  look  at  the  copious  and  interesting 
drawings,  they  would  gain  a  sort  of  understanding  that  can 
not  come  from  any  word  pictures.  A  resolute  person,  even  if 
he  had  no  knowledge  of  the  scientific  terms,  could  read  much 
of  the  book  to  his  everlasting  benefit. 

As  an  introduction  to  genetics — compact,  readable  and  de¬ 
pendable — I  know  of  nothing  superior  to  H.  E.  Walter’s 
Genetics  (Macmillan,  1922).  The  sanest  discussions  of  eu¬ 
genics  are  those  mentioned  in  the  chapter:  The  Trend  of  the 
Pace,  by  S.  J.  Holmes  (Harcourt,  Brace,  1921) ;  Eugenic 
Reform,  by  Leonard  Darwin  (Murray,  1926). 

For  Chapter  X. 

A  new  book  on  radio  is  born  every  month ;  your  bookstore 
will  show  you  the  latest  one.  If  you  expect  to  buy  a  book,  be 
clear  in  your  mind  as  to  which  sort  of  information  you  wish : 
(1)  about  construction  and  operation  of  apparatus,  or  (2) 
about  the  history  and  the  explanation  of  the  general  princi¬ 
ples.  For  the  first  sort  I  have  liked  best  H.  S.  Williams’s  Prac¬ 
tical  Radio  (Funk  and  Wagnalls,  1924) ;  for  the  second  sort  I 
like  J.  V.  L.  Hogan’s  The  Outline  of  Radio  (Little,  Brown, 
1925).  The  Scientific  American  for  1921  and  1922  furnishes 
a  graphic  exhibit  of  how  radio  burst  upon  us,  of  its  nature, 
and  of  its  development. 
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For  Chapter  XI. 

A  suggestive  and  entertaining  little  volume  about  the  na¬ 
ture  of  modern  science,  which  does  not  fear  to  poke  fun  at 
some  shortcomings,  is  J.  W.  N.  Sullivan’s  Aspects  of  Science 
(Knopf,  1925).  A  second  volume  of  the  same  (1926)  is  called 
Aspects  of  Science:  Second  Series, 

For  Chapter  XII. 

If  a  friend  asked  me  to  name  for  him  some  one  small  book 
on  relativity,  and*  if  he  desired  to  avoid  mathematics,  I  should 
name  Harry  Schmidt’s  Relativity  and  the  Universe  (Methuen, 
1921),  though  it  contains  too  many  exclamatory  passages  and 
references  to  poetry.  More  businesslike  but  more  difficult,  and 
with  only  a  trace  of  mathematics,  is  G.  D.  Birkhoff’s  The 
Origin,  Nature,  and  Influence  of  Relativity  (Macmillan, 
1925).  A  more  direct  attack  upon  the  subject,  more  in  line 
with  the  way  mathematicians  think,  is  L.  Bolton’s  Introduc¬ 
tion  to  the  Theory  of  Relativity  (Dutton,  1921). 

A  reader  who  is  willing  to  skip  incomprehensible  passages 
in  a  somewhat  technical  book  will  probably  agree  with  me  that 
Eddington’s  Space,  Time,  and  Gravitation  (Cambridge  Uni¬ 
versity  Press,  1923)  is  the  best  book  to  read  after  a  bit  of 
training  in  one  of  the  elementary  books.  Eddington  is  skilful 
and  witty  in  his  presentation ;  his  intellectual  power  is  delight¬ 
ful  to  watch — even  if  you  don’t  know  what  he  means. 
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of  alimentary  canal,  127-131 
of  skin,  163-171 
of  capillaries,  132,  13'9 
of  nerves,  142-148 
of  brain,  142 

birth  of,  113,  141,  168-176 
pictures  of  birth,  facing  170 
and  171 

independence  and  individuality 
of,  114,  132,  140,  144,  145, 
148,  161,  164,  167,  108 
complexity  of,  176,  219 
numbers  of,  117  (in  wood),  143 
(in  brain),  161  (in  human 
body) 

sizes  of,  100,  104,  105,  121,  126, 
129,  143,  149,  162^  164,  167 
as  colonies,  161,  172,  219 
pollen  or  sperm-cells,  114 
continuity  of  life  in,  168,  170 
nucleus  of,  148,  168-175 
chemistry  of,  164,  166 
as  important  for  social  ques¬ 
tions,  163,  190-193 
artificial,  104 

books  on,  337;  see  Germ-cells 
Centrosome,  169,  170,  facing  170, 
174 

Cepheids,  12 
Cerebellum,  147 
Cerebrum,  147 
Chaldeans,  5 

Chamberlin,  48,  279-281,  285,  294, 
313,  314,  335 
Chance,  177 

Characters,  see  Acquired,  Germ- 
cells 
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Chemistry,  of  muscle,  155-157 
as  a  science,  265,  276 
Chess,  science  like,  278,  280 
Chlorophyll,  123;  see  Disks 
Chromatin,  170  and  171 
Chromosomes,  162,  facing  170  and 
171,  176 
of  leaf-cell,  100 
number  of  human,  170 
Chronicles,  47;  see  Fossils,  Usher 
Chronology,  Biblical,  26;  see 
Usher,  Noah,  etc. 

Cipher  in  rocks,  47;  see  Fossils 
Circulation  of  blood,  135,  140 
Clayton,  67,  75,  77 
Clergymen  as  scientists,  45 
Climate,  alterations  in,  42,  43, 
77-78,  280 

constancy  of,  71-76 
Clot  of  blood,  135 
Clouds,  54 
Coal,  32 

Cold,  absolute  zero,  54 
Collisions  of  stars,  15,  48,  314 
Color-blindness,  179 
Columbus,  22,  32 

Competition,  of  scientists,  47  (see 
Rivalry) 
in  heredity,  199 
Compounds,  91 

Conjugation  of  chromosomes,  176 
of  cells,  see  Germ-cells 
Consciousness,  142,  269,  288 
Consciousness  of  kind,  290 
Constellations,  12,  15 
Continents,  49,  50 
Copernicus,  7,  9-11 
Coral,  42,  117 

Corpuscles,  red,  126,  129,  132,  133, 
138,  140,  141,  152 
white,  133,  141 
Cortez,  4 
Cosmogony,  280 
Creation,  23,  25,  26,  29,  36,  48 
Cro-Magnon,  28,  198 


Curiosity,  277,  291 
Current,  in  a  tree,  111 
in  air,  see  Air 
Customs,  199 
Cycles,  see  Weather 
Cyclones,  60-62,  69 
Cytology,  see  Cells 

Dalton,  282 

Darwin,  Charles,  10,  182,  187,  189, 
194,  207,  283,  294 
Darwin,  Leonard,  200,  201,  205, 
337 

Darwinism,  as  not  overthrowing 
biology,  275 
Davenport,  1'91 
Dayton,  40,  47 
Decay,  115 
Deductions,  270,  277 
De  Forest,  243 
De  Kruif,  281,  310 
Deluge,  see  Flood 
Democracy,  270 

Detective  work,  science!  as,  47, 
227 ;  see  Puzzles,  Obser¬ 
vation 

Determiners,  see  Genes 
Dewey,  210 

Diaphragm  of  telephone,  238,  242 
Digestion,  127-132 
Dimensions,  fourth  and  fifth,  20, 
312-313 
Dines,  69 

Disease,  inheritance  of,  178-179, 
186,  192,  196 

Disks  in  leaf-cells,  106,  109 
in  muscle-fiber,  149 
Displacement,  8 
Dormant,  see  Recessive 
Drafts  of  air,  57 
Drop,  see  Water 
Drosophila,  28,  180 
Drummond,  260 
Ducts,  of  a  leaf.  111 
of  wood,  112,  116,  117,  119,  120 
Dust  in  air,  55,  56,  77,  78 
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Duty,  214,  276;  see  Ought,  Rights 

Earth,  flat,  5 
paradisal,  28,  29 
composition  of,  34 
revolution  of,  10  (see  Ptolemy, 
Copernicus,  Galileo,  New¬ 
ton  Bessel) 
rotation  of,  58 

movement  of  crust,  39,  43,  44, 
49 

motion  through  space,  318 
origin  of,  48-49 
history  of,  43,  44,  49-51,  280 
altered  in  size  by  speed,  330 
East  Indies,  55 

Economics  as  a  science,  264,  267, 
276,  286,  293-294 

Eddington,  329,  331,  338 
Education,  see  Pedagogics,  Ac¬ 
quired  characters 
Egg,  being  fertilized,  facing  171 
containing  instincts,  225-230; 
see  Germ-cells 
Egg-laying,  224,  228 
Ego,  144,  145;  see  Consciousness, 
Will 

Einstein,  9,  88,  285,  304,  305,  316, 
321,  322,  324,  326 
Electricity,  early  notions  of,  236 
in  rain-storms,  65 
in  nerves,  155 
as  matter,  89,  90,  *92 
Electrons,  12,  84-94,  311 
revolution  of,  88 
books  on,  330 
Elements,  91 
Embryo,  114,  175,  183 
Energy,  applied  by  units,  153 
Environment,  183,  184,  192,  197 
(education),  207;  see  Ac¬ 
quired  characters,  Adapta¬ 
tion 

Enzymes,  135,  155,  156 
Ephesians,  255 


Equations,  geometrical,  312 
in  medicine,  310 
in  metallurgy,  313 

Eras  in  geology,  50 
Erosion,  37,  38,  39,  49 
Eternal  life,  27 
Ether,  240 

Ethics  as  a  science,  263,  273,  276 
286 

Eugenic  conscience,  202 
Eugenics,  159,  190-206 
Euphrates,  4 

Evaporation,  in  skin,  158 
in  leaf,  108 

Evolution,  defined,  181,  207,  284 
outline  of  theory,  180-185 
retrograde,  181 
of  man,  10,  28 
as  a  method,  283-284 
as  a  superstition,  266,  284 
as  a  basis  for  religion,  272 
dread  of,  194 

Experiment,  see  Verifying,  Ob¬ 
servation 

Extinction  of  species,  181 

Faculty  psychology,  197,  269 
Family  limitation,  201-205 
Fat,  128 

Feeble-mindedness,  206 
Fertilization,  see  Germ-cells,  Egg. 
Sperm 

Fessenden,  242 
Fibers,  of  protoplasm,  169 
of  nerves,  148-151,  154 
of  muscle  as  engine,  157 
Fibrils  of  muscle,  150,  151 
Filaments  of  nerve-cells,  146 
Finiteness  of  universe,  332 
Firmament,  5,  10 
Flood,  Noah's,  22,  23,  26-29,  31- 
33,  35,  38 
Fog,  56 
Food,  125-141 
Force  as  matter,  96 
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Forecasting  weather,  62,  63,  67-71 
Fossils,  24,  25,  27,  28,  31,  44-48, 
50 

Fracastoro,  24,  25 
Frank,  275 
Frankenstein,  258 
Franklin,  212,  236 
Freezing,  90 
Freiberg,  33 

Fundamentalism,  26,  29,  30,  212; 
see  Creation,  Flood,  Eeli- 
gion,  Eeason,  etc. 

Fungus,  115 

Galaxies,  17,  18 

Galaxy  (our  Milky  Way),  15,  16 
Galileo,  9,  10,  282 
Ganong,  105,  336 
Gastric  juice,  127 
Geikie,  32 

General  Electric  Co.,  248,  253, 
254 

Genes,  176,  178,  179 
Genesis,  24,  27,  40;  see  Creation 
Genetics,  160-190 
books  on,  337 

Genitalia,  see  Eeproduction 
Geological  Society  of  London,  36 
Geology,  22-51 
as  a  science,  265 
reasonings  of,  37 
as  a  hoax,  47 
books  on,  335 
Geometry,  314-315 
Germ-cells,  114,  162,  171-176,  183 
mating  of,  176 
as  detached  lives,  184 
contain  potentials  of  adult,  174 
Gibbs,  313 
Gilbert,  236 

Glaciers,  39,  40,  41,  76,  78,  280 
grooves  of,  42 
equatorial,  42 
Gladstone,  29,  30 
Glands,  of  stomach,  127 
of  skin,  140 


Glycogen,  137,  156,  157 
Goldsmith,  245 
Grabau,  51,  335 
Grand  Canon,  38 
Gravitation,  304-306,  328 
Great  Dark,  3,  4,  9,  19 
Great  Salt  Lake,  39 
Greeks,  5,  33 
Greenland,  42,  76 
Growing-point,  120 
Grubs,  217-219 
Guggenheimer,  322 
Gulf  of  Mexico,  58 
Gulf  Stream,  72 

Habits,  288 
Hailstones,  66 
Hale,  16,  335 
Harding,  259,  293 
Haroun-al-Easchid,  6 
Harvard  Observatory,  17 
Harvard  professors,  40 
Heart,  125,  135,  137 
Heat,  as  mode  of  motion,  240 

from  sun,  67 

as  cause  of  weather,  56-58,  64 
Hebrew  Scripture,  27;  see  Bible, 
Creation,  Noah,  Firma¬ 
ment,  etc. 

Heliometer,  11 
Helvetic  Society,  40 
Heredity,  103,  123,  159-206,  220, 
299;  see  Germ-cells 
Heretics,  188,  190 
Hertzian  waves,  239,  240 
Hibernation,  222 
Highs,  60 

History  as  a  science,  263,  268 
Hogan,  337 

Holmes,  195,  200,  201,  202,  337 

Homer,  5 

Homunculus,  165 

Hormones,  135 

Howell,  337 

Hubble,  16,  17 

Humphreys,  77,  78,  336 
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Hurricanes,  01 
Hussey,  311 
Hutton,  35,  36 
Huxley,  282,  302 
Hydrogen,  atoms  of,  12,  79,  85, 
87,  89,  90 
in  air,  53 

Ice,  90;  see  Glaciers 
Ignorance,  our  dread  of  confess¬ 
ing,  230;  see  Science,  lim¬ 
itations  of;  see  Mystery 
Imagination,  in  science,  331 
two  types  of,  165 
Imaginings,  31,  34;  see  Eeason, 
Eeligion,  Superstition 
Immortality,  27 
Immunity,  196 

Impulse,  nervous  as  not  electri¬ 
cal,  155 

Indian  Ocean,  57 
Indian  summer,  69 
Inertia,  331,  332 
Infidelity,  see  Materialism,  Eeli¬ 
gion 

Infinity,  18,  19 

Inheritance,  197 ;  see  Heredity, 
Acquired  characters,  Men- 
delian  inheritance 
Inorganic  made  organic,  107 
Insects  for  fertilization,  173 
Instinct,  123,  222-230 
Institutions,  social,  199;  see 
Social 

Intellect,  26,  146,  231 
as  pugnacious,  191 
creative,  153;  see  Eeason,  Con¬ 
sciousness 

Intelligence,  196-198,  206,  207 
back  of  nature,  303 
in  cells,  113 
Interferometer,  11 
Intestines,  127 

Investigation,  method  of,  278;  see 
Puzzles,  Observation,  Ver¬ 
ifying,  Method 


Irrigation  and  climate,  72 
Island  universes,  17,  18,  328 

James,  288 
January  thaw,  69 
Jensen,  242 
Jinns,  246 
Johnson,  Dr.,  28 
Jupiter,  10 
Justice,  295 

Kammerer,  188,  189 
Kant,  70,  231 
Kapteyn,  17 
Kepler,  8,  9 
Kidneys,  139 
Kindness  in  eugenics,  199 
Knowledge  as  inaccessible,  81; 
see  Science,  limitations  of; 
see  Mystery 
Krakatoa,  78 

Lactacidogen,  150 
Lamarck,  276 
Laplace,  280,  281,  315 
Latent,  see  Eecessive 
Laws  natural,  5,  21,  36,  37,  43, 
193,  214,  229,  289,  291,  303 
Layers  of  muscle  fibers,  149 
for  air  and  rocks  see  Strata 
Leader,  215 
Leaf,  tour  of,  100-110 
basis  of  all  life,  107 
Leavitt,  17 
Lewis,  G.  N.,  86 
Lewis,  Sinclair,  310 
Leyden  jar,  236 

Light,  as  a  wave  motion,  240,  314 
in  air,  55 

deflected  by  sun,  326 
speed  of,  20,  88,  285,  330 
in  Michelson^s  experiment,  819 
in  curved  space,  18 
Lightning,  05,  212 
Light-year,  13,  16,  18 
Lily,  173 

Liquor  traffic^  271 
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Liver,  136,  137 
Lodge,  239 

Logic  in  science,  5,  290,  291,  325; 

see  Eeason 
Lows,  57*61 
Lundmark,  17 
Lungs,  138 
Luyten,  16,  17,  323 
Lyell,  36,  38,  46 
Lymph,  132 

Machinery,  faith  in,  255,  259,  260 
Magnet,  236 

Magnetism  as  motion,  314 
Magnifying  objects,  80-85,  98-100, 
121,  126,  128-131,  149,  167, 
168 

Malaria,  216 
Maps,  geological,  51 
of  weather,  62,  63 
Marconi,  239-241 
Marrow,  141 
Mars,  9 

Mass,  varies  with  temperature, 
331 

Materialism,  21,  29,  35,  210-215, 
232,  291,  295,  303 
Mathematics,  power  of,  64,  307, 
310-316,  332 

as  a  science,  263,  264,  266 
like  an  airplane,  316 
Mather,  27 

Mating,  223;  see  Germ-cells 
Matter,  nature  of,  87,  94,  301, 
303 

changed  by  speed,  329 
total  of,  18 
dense,  12,  93 
vs.  spirit,  103,  209-234 
Maxwell  (Clerk-Maxwell),  239, 
314 

McKready,  335 
Measurement,  see  Science 
Mechanism  in  science,  35,  193, 
226-228,  289;  see  Machinery, 
Materialism 


Membranes,  12'9;  see  Cells 
Mendelian  inheritance,  176-180 
Mentality,  see  Intelligence,  Mind, 
Eeason,  Consciousness 
Mercury,  326 
Metallurgy,  313 
Metamorphosis,  220 
Meteors,  53,  55 

Method  in  science,  271,  278-285, 
292 

Mice,  187,  188 
Michelson,  317-321,  326,  327 
Microbe  Hunters,  281 
Microscopic,  166;  see  Magnifying 
Milky  Way,  12,  15-18,  118,  318 
Miller,  321,  322 
Millikan,  213 
Milton,  6 

Mind,  288,  293,  295;  see  Con¬ 
sciousness,  Eeason 
Molecules,  in  chemistry  of  leaf, 
107 

in  digestion,  130,  132,  156 
structure  of,  82-85 
numbers  of,  92-94 
size  of,  14 
Monboddo,  28 
Monsoons,  58,  70 
Moon  and  weather,  63,  68 
Moore,  H.  L.,  70 
Moore,  W.  L.,  62,  336 
Morgan,  179 
Morse,  237 
Moses,  25 
Motion,  301,  302 
Moulton,  335 

Mountains,  formed,  44,  49 
Mount  Wilson,  16 
Munro,  270 
Mutilations,  187 

Mystery,  the  ultimate  of  the  uni¬ 
verse,  232,  299-306,  332; 
see  Science,  limitations  of 
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Naples,  43 
Nation,  258 

National  Broadcasting  Co.,  253 
Nebular  Hypothesis,  280,  281,  315 
Nebulifi,  12,  16,  323 
Nucleus,  of  cell,  109,  168,  170  (see 
Needle  of  a  pine,  99-109 
Neptunists,  28,  31,  34 
Nerve  with  muscle  fiber,  152;  see 
Cells 

Neutrons,  93 
New  Eepublie,  250 
Newton,  10,  276,  279,  304,  306,  311 
Nitrogen,  in  air,  53 
in  a  leaf,  110,  112 
Noah,  22,  36 
Nordic  mentality,  198 
Nucleus,  of  cell,  109,  168,  170  (seg 
Cells) 

of  atom,  91 

Observation  as  the  essential  of 
science,  19,  23,  34-36,  39, 
277,  285,  316,  321,  325;  see 
Verifying 
Oceans,  4'9 
Orbits,  circular,  7,  9 
Orono,  218 
Orsted,  236 
Osborn,  180 

Ought,  the  notion  of  not  known 
to  science,  206,  270,  276, 
288,  295 

Overthrowing,  unknown  in  the 
natural  sciences,  275-277, 
285 

Oxidation  in  muscle,  157 
Oxygen,  in  air,  53 

in  molecules  of  water,  79,  84, 
89,  91 

in  leaf,  106,  108 

in  blood,  133,  134,  136,  138 

Page,  322 

Pair  molecules,  89,  133 
Paleontology,  29,  46,  123; 
Fossils,  Shells 


Palisades,  34 
Pancreatic  juice,  129 
Parallax,  8,  11,  19 
Parallel  lines,  315 
Parasites,  animals  as  upon  plants, 
107 

Paroxysms,  34;  see  Cataclysms 
Parsec,  13 
Particles,  see  Dust 
Pasteur,  188 
Pavlow,  188 

Pedagogics  as  a  science,  264,  271, 
275,  276,'  286,  292 
Perfection,  181 

Personality,  nature  of,  214  (see 
Consciousness,  Will,  In¬ 
stincts,  etc.) 
in  nature,  302 
Petals,  173 
Philology,  284 

Philosophy,  as  a  science,  264,  269, 
272,  279,  286 

as  contrasted  with  science,  216, 
222;  see  Reason 
Physics  as  a  science,  265,  275 
Physiology,  defined,  159 

books  on,  336;  see  Blood,  Food, 
etc. 

Pillars  of  temple,  43 
Pine  tree  (Pinus  Torreyana),  97, 
123 

in  Maine,  215 
Pissodes  strobi,  218 
Pistils,  174 
Planets,  8,  9,  48 
Plates  of  muscle,  154 
Plutonists,  34 
Pocahontas,  4 

Pollen,  173;  see  Germ-eells, 
Sperms 

Political  science  as  a  science, 
270,  293 

Polyps,  see  Coral 
Pompeii,  44 
Poor,  322 


INDEX 


349 


Pores,  of  a  leaf,  104,  106 
of  skin,  158 
Posterity,  201-206 

Prediction,  of  weather,  see  Fore¬ 
casting 

as  criterion  of  science,  see 
Science 

Prejudices,  the  author's,  207 
Pressure,  see  Air 

Prickly  pear,  103 
Pridham,  242 

Progress,  181,  207,  235,  247,  255, 
260,  276,  284,  295 
Prohibition,  271 
Prometheus,  4 

Propaganda  by  radio,  256-260 
Proteins  in  a  leaf,  110 
Protons,  89,  91 

Protoplasm,  108,  131,  144,  162, 
166,  225 

Psyche,  145;  see  Consciousness, 
Will 

Psychoanalysis,  269 
Psychology  as  a  science,  268,  274, 
287-290 

Ptolemaic  theory,  6,  7 
Pupating,  220-21 
Purpose,  in  nature,  173 
in  science,  290 

Puzzles,  science  as  the  solving  of, 
277,  278,  280,  284,  285,  292- 
294,  317 

Eacial  traits,  207 
Eadio,  history  of,  235-260 
growth  of,  247-249 
listening  to,  251 
government  control  of,  258 
benefits  of,  255 
possible  evils  of,  251-260 
propaganda  by,  256-260 
advertising  by,  252 
political  and  commercial  inter¬ 
ests  in,  253 
books  Gu,  337 


Eadio  Corporation  of  America, 
248,  253,  254 

Eain,  formed  by  dust,  55 
lightning  formed  by,  65 
turned  to  hail,  66 

Eain-drop  marks,  50 
Eeason,  futility  of,  5,  7,  9,  19,  20, 
22,  25,  30,  31,  33,  34,  38, 
51,  200,  212,  215,  217,  224, 
226,  302 

fighting  quality  of,  228,  230, 
231 

as  a  set  of  instincts,  231 
Eeceiving  sets,  247 
Eecessive  characters,  178-179 
Eeeve,  322 

Eeform,  see  Social,  Eugenics 

Eelativity,  explained,  297-332 
defined,  323-325 

as  not  overthrowing,  275,  285, 
328 

as  an  accepted  theory,  323, 
326,  331 

if  proved  false,  327 
as  a  method,  285 
books  on,  338 

Eeligion,  conflict  with  science, 
20-23,  25,  29,  30,  36,  40,  216, 
272,  291 

as  a  science,  272,  286;  cf.  Sci¬ 
ence,  limitations  of 

Eent,  economic,  276 
Eeproduction,  organs  of,  172, 
175;  see  Germ-cells 

Eeseareh  as  a  game,  278;  see 
Puzzles 

Eeversion,  see  Eecessive 
Eevising,  see  Overthrowing 
Ehone,  45 
Eights,  199,  295 

Eivalry  of  scientists,  47,  86,  123, 
171,  189,  326 
Eivera,  256 
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Bocks^  ages  of,  40  (see  Fossils, 
Shells) 
balanced,  40 

Romance,  our  love  of,  35;  see  Im¬ 
aginings,  Superstition 
Root,  C.  J.,  74 
Root-hair,  121 
Roots  of  a  tree,  118-122 
Root-tip,  120 
Roumania,  257 
Russell,  17 

Sahara,  55 
Sandstone,  31 
Santa  Barbara,  49 
Santayana,  231 
Sap,  in  leaf,  109,  111 
in  trunk,  122,  311 
Sarcolemma,  150 

Savage,  our  mentality  as,  81, 
225;  sees  marvel  of  nature, 
117,  123 
Scandinavia,  55 
Schleicher,  284 
Schmidt,  338 

Science,  defined  and  explained, 
159,  261-267,  286,  287,  290 
nature  of,  200-206,  274-278 
as  not  dealing  with  progress, 
235-260 

two  groups  of,  265-274,  286,  287 
social,  291-296 

what  it  is  becoming,  261-296 
as  measurement,  275,  277,  290, 
318 

as  prediction,  288,  313 
as  a  guide  to  action,  263,  267, 
270,  271,  276,  290 
as  emancipating  and  enlight¬ 
ening  the  intellect,  3,  19, 
21,  22,  30,  31,  35,  232 
limitations  and  ignorance  of, 
20,  21,  87,  94,  142,  149,  150, 
165,  169,  177,  181,  211-215, 
276,  304 

worship  of,  254,  255 


Science,  Con*t, 
imagination  in,  94 
books  about,  338 
as  contrasted  with  philosophy, 
see  Philosophy 

in  conflict  with  religion,  see 
Religion.  See  such  topics 
as  Rivalry  of  Scientists, 
Method,  Observation,  Ver¬ 
ifying,  Psychology,  Social, 
Detective,  Puzzles,  Ought, 
Curiosity 
Scopes,  47 
Sea-breeze,  57 
See,  321 

Seeds,  114,  175;  see  Embryo, 
Germ-cells 

Selection,  artificial,  182,  183 
natural,  199,  207 
Senate  reform,  257 
Sex  organs,  see  Reproduction, 
Germ -cells 
Shapley,  17 

Shell,  the  temperate  in  which  we 
live,  50 

Shells,  45,  46;  see  Fossils 

Should  in  science,  270;  see  Ought 

Shrewsbury,  40 

Silliman,  29 

Simmel,  216 

Sirius,  14 

Size  changed  by  speed,  330 
Skin  as  a  radiator,  158 
Smith,  44,  45 
Smith  College,  286 
Smithsonian  Institution,  68 
Snowfall,  74 
Social  forces,  244 
social  mind,  290 
social  reform,  152,  207,  290 
social  regulation,  249 
Sociology  as  a  science,  263,  269, 
271,  277,  283,  286,  295 

Sol,  48 

Solar  system,  origin  of,  48 
Soldiers,  scientists  as,  281,  282 
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Solution,  digestive,  13Q 
of  problems,  see  Puzzles 
Soul,  193,  290,  303 
Sounds,  238,  239 
Soviet,  257 

Space,  temperature  of,  54 
conception  of,  301 
as  finite  or  curved,  18,  315,  329, 
332 

altered  with  speed,  328 
Sparrow,  322 
Spasms,  see  Cataclysms 
Species,  of  shells,  45  (see  Fossils) 
formation  of,  182) 
extinction  of,  123 
Spectator  Papers,  32 
Spectroscope,  11,  17 
Spectrum,  326 

Speculation,  35;  see  Eeason,  Su¬ 
perstition 
Speech,  238 

Speed,  never  greater  than  light, 
330 

of  light,  13  (see  Light) 
of  electrons,  88;  see  Time,  Mat¬ 
ter,  Space 
Spencer,  186,  284 
Sperms,  of  pine,  114 
of  lily,  173 
human,  175 

entering  egg,  facing  171 
vs.  egg  in  inheritance,  193 
Spinal  cord,  147 
Spindle  of  cell,  169-171,  174 
Spines  of  pine  needle,  101-103 
Spirit  and  matter,  see  Matter 
Spirit  in  a  tree,  117 
Spores,  115 
Squier,  245 
Stamens,  173 
Starch  in  a  leaf,  107 
Stars,  early  conceptions  of,  4,  5, 
7,  9 

regularity  of,  4,  5 
distances  of,  12-14,  16 


mass  and  distribution,  14 

diameter,  11 

number,  16 

composition,  11,  12 

life,  11 

heat,  12 

heavy,  93 

motions,  11,  12 

drift,  15 

collisions,  15,  48,  314 
State,  293 
Steam,  90 
Steno,  31,  32 

Stimulus,  nervous,  154,  1^ 
Stoma,  103,  seg. 

Stomach,  125 
Stonehenge,  239 
Storms,  54,  55,  59,  64 
Strachey,  32 

Strata,  of  rocks,  32,  33,  44-47 
of  air,  see  Air 

Sugar,  in  plant,  107,  110,  115 
in  liver,  136,  137 
in  muscle,  156 

in  alimentary  tissues,  128,  130, 
137 

Sullivan,  336,  338 
Sumner,  270 
Sun,  distance  of,  13 
motion  of,  15 
disrupted,  48 

as  cause  of  weather,  67,  68 
Sunlight  in  leaf,  109 
Sun  spots,  68 

Superstition,  3,  6,  26,  29,  71;  se0 
Eomance,  Flood,  Eeason, 
etc. 

Sweat-glands,  140 
Sweet  peas,  179 

Tarr,  60-63 
Teggart,  268 
Telegraph,  241,  236-237 
Telephone,  94,  237-239 

wireless,  241,  242,  246,  246 
Telescope,  10,  11,  16 
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Temperature,  constancy  of  aver¬ 
age,  73-74;  see  Space,  Stars 
Thales,  235 

Theology,  conflict  with  science, 
5,  6,  31  {see  Beligion) 
as  a  science,  263,  264,  272 
Thomson,  282 

Thunder,  primitive  reasoning 
about,  212 

Thunder-storms,  64-66 
Time,  notions  of,  300-302 

varies  with  speed,  298,  29’9,  328, 
328,  329,  332 

Time  periods  in  geology,  50 
Tippenhauer,  70 
Tissue,  see  Cells 
Tomboro,  77 
Tornadoes,  66 
Tower,  188 

Traits,  mental  and  racial,  197, 
198,  207;  see  Heredity, 

Acquired  characters 
Tree,  tour  of,  97-124 
Trees  and  climate,  72 
Trilling  of  nerve  impulse,  154 
Triode,  244 

Trunk  of  a  tree,  97,  117 
Truth,  of  religion,  21 
as  beneficial,  194 
Tuberculosis,  196 
Tubules,  of  liver,  136 
of  kidneys,  139 
Tunnel,  see  Ducts 
Tyndall,  280 

TJniformitarianism,  36,  38,  48 
Universe,  finite,  18,  332 

stars  in,  14,  16;  see  Island 
Universes 
Usher,  23,  26 

Usherism,  30;  see  Fundamen¬ 
talism 

Value  in  science,  290,  293,  294; 

see  Economies 
Variation,  103,  181-190 


VegSL,  15 

Veinlets,  136,  139 
Veins,  134-136 
Velocity,  see  Speed 
Venus,  70 

Verifying  as  essential  in  science, 
275,  290,  309,  316,  320,  325- 
327 

Verona,  24 

Vinci,  Leonardo  da,  24 
Vitalism,  117 

Volcanos  as  cause  of  climate,  77, 
78 

Voluntary  impulse,  154 
Vortexes,  see  Air 

Wallace,  201 
Walter,  180,  337 
Ward,  72 

Water,  form  of  a  drop,  80,  81 
structure  of,  79-96 
decomposed,  89 
freezing,  90 

in  a  plant,  107-110,  121,  122 
Water-vapor,  structure  of,  90 
in  air,  53,  55,  56,  60,  64 
in  a  leaf,  106,  108 
Watson,  197,  269,  288,  289 
Waves,  various  kinds  in  ether, 
240-241 
Hertzian,  240 
Wealth,  294 

Weather,  general  account  of,  52- 
78 

cycles  of,  68,  70 
books  on,  336;  see  such  topics 
as  Climate,  Snowfall,  Trees 
Weather  Bureau,  62,  63,  68,  69, 
75 

Weevils,  218 
Weight,  304,  306-309 
Weismann,  184,  187 
Werner,  33 
Wesley,  29 

Westinghouse  Co.,  248,  253 
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Will,  as  not  known  in  science, 
142,  143,  148,  287-290,  292, 
303 

Williams,  337 
Wilson,  170,  191,  337; 

Woodward,  28 


Word,  fear  of,  232 
Worm  in  muscle  fiber,  151 

X-rays,  241 

Year  without  a  summer,  77 
Zero,  absolute,  54 
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